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Chapter 1 
INTRODUCTION 
Pulses belong to the second largest and one of the 
economically most important family In the plant ^ kingdom -
Fabaceae and have been used as food since last thousands of years. 
They occupy the most demanding and essential place among Indian 
agricultural system because of their peculiar qualities. They play a 
vital role in overcoming the protein caloric malnutrition especially in 
the developing countries like India where majority of the population 
is vegetarian. Also they offer the most important means of 
increasing agricultural production in dry land because of their low 
water requirement, which constitute about 40% of the'total cropped 
area of our country. 
Beside fluctuations due to the environmental conditions, 
production of pulses in the country has been practically stagnant for 
the last two decades. The genetic variability has been exhausted in 
pulses due to natural selection and hence the conventional breeding 
methods are not much fruitful for the improvement of them. Thus, 
the best available method to enhance the genetic-variability in 
pulses is mutation breeding technique where induced mutagenesis 
is one of the methods which can be applied to enhance the genetic 
variability and is of value in the rectification of several kinds of 
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defects. Induced variability which can be most useful in breeding 
programmes is generally obtained through the use of mutagens. 
Pulses include peas, beans and lentil. 
1.1 Description of lentil 
Lentil is one of the most important pulse (grain legume) crops 
of Indo-Bangia subcontinent and commonly known as 'masur'. It is 
known to botanists as Lens culinaris Medik. It belongs to the family 
Fabaceae. 
1.1.1 History 
Lentil may have been one of the first agricultural crops grown 
more than 8,500 years ago. Lentils probably originated In the Near 
East and rapidly spread to Egypt, central and southern Europe, the 
Mediterranean basin,' Ethiopia, Afghanistan, India and Pakistan, 
China and later to the New World including Latin America. It is 
probably the oldest of grain legumes to be domesticated. It is now 
cultivated in most subtropical and also in the Northern hemisphere 
such as Canada and Pacific Northwest regions. 
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1.1.2 Taxonomy, Morphology and Floral Biology 
The botanical features of Lens culinaris (cultivated lentil) can 
be described as annual bushy herb, slender almost erect or sub 
erect, much-branched, softly hairy; stems slender, angular, 15-75 
cm height. The leaves are alternate, compound, pinnate, usually 
ending in a tendril; leaflets 4-7 pairs, alternate or opposite; oval, 
sessile, 1-2 cm long; flowers are small, pale blue, purple, white or 
pink, in axillary 1-4-flowered racemes; 1-4 flowers are borne on a 
single peduncle and a single plant can produce up to 10-150 
peduncles . Flowering proceeds acropetally. pods oblong, flattened 
or compressed, smooth, to 1.3 cm long, 1-2-seeded; seeds 
biconvex, small, round,4-8 mm x 2.2-3 mm, lens-sJiaped, green, 
greenish-brown or light red speckled with black; the weight of 100 
seeds ranges from 2 to 8 g; cotyledons red, orange, yellow, or 
green. Depending upon the size of seeds lentils are of two types, 
namely; macrosperma, found mainly in the Mediterranean region 
and the New World (seed size ranging from 6 to 9 mm in diameter 
and yellow cotyledons with little or no pigmentation), and 
microsperma (2 to 6 mm with red orange or yellow cotyledons) 
found on the Indian subcontinent. Germination is hypogeal and this 
keeps the developing seedlings below ground level which reduces 
the effects of freezing and other desiccating environmental 
conditions. 
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1.1.3 Environment Requirements 
In India, 'masur' or lentil is planted in the winter season in the 
months of November-December and thus is referred as Rabi crop. 
"Seeds will germinate at temperatures above freezing but best at 
the range of 18-21°C. They are less damaged by drought than by 
waterlogging. 
Lentil thrive on wide range of soils from light loams and 
alluvial soil to black cotton soils, best on clay soils; tolerates 
moderates alkalinity. Salt tolerance is higher during germination 
than during subsequent development. 
Excessive rainfall or humidity may affect the plantation 
negatively" and may reduce the yield of the crop. Lentil crop takes a 
period of around 85 days to reach its maturity level and the color of 
the lower pods of the plant turns brown to yellow brown in color at 
that time. The harvesting period in the country ranges from 
February and March. The harvested crop starts arriving to the major 
trading centers in the months of April. 
1.2 Product ion of lenti l 
Lentils are grown throughout the world and about half of the 
worldwide production of lentil is from India, mosf of which is 
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consumed in the domestic marl<et. Canada is tine largest export 
producer of lentil in the world. 
FAO reported that world production of lentil for calendar year 
2007 was 3.874 million metric tonnes, primarily coming from India 
(36%), Canada (17%) and Turkey (15%). 
1.2.1 Production of lentil in India 
In India lentil production has always been important as it is 
one of the most important Rabi crops. India has always been an 
important producer of the crop as it has been producing lentil since 
1st century AD. Lentil crop is grown in India in winter season in 
Uttar Pradesh, Madhya Pradesh, Bihar, West Bengal, Rajasthan, 
Haryana, Punjab, Assam and Maharashtra. Around 90% of the 
production comes from the first four states belonging to eastern and 
the northern part of the country. Uttar Pradesh shows the maximum 
production in the country contributing to around- 45% of the 
country's production as well as the maximum area under lentil 
cultivation. The crop is both cultivated as a primary and secondary 
crop in the country. Sagar, Jabalpur, Bundelkhand and Bhopal in 
Madhya Pradesh; Kanpur in Uttar Pradesh and Kota in Rajasthan 
are the districts where lentil is primarily cultivated. 
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1.2.2 Indian lentil market 
Indian subcontinent has a reputation of being an important 
player in the world's pulse scenario. Indian econonny is largely 
affected from the fluctuations in world pulse demand and supply, as 
the country is one of the largest consumers of pulses due to a large 
population to feed to. India had been dominant country in the world 
production schedule of lentil as it was the largest masur producer 
till 2004 and had been leading since very long time. Canada took 
over India's lead in 2005 with the help of a sharp rise in its 
production level. 
In India, the area which is utilized for the cultivation of lentil 
sums up to around 14 lakh hectares. India consumes almost 90-
95% of its domestic produce to fulfill its domestic^-consumption 
demand as one of the most important constituent in the country's 
staple diet. 
India also indulges In the exports of the left over lentil seeds 
and stands at fourth position in the major lentil exporting countries 
list with an export figure of 136921 metric tons in the year 2004. 
The major countries to which India exports lentil seeds are 
• Sri Lanka 
• Egypt 
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. UAE 
• Sudan 
• Yemen 
• Bangladesh 
1.2.3 Major trading centers of lentil (masur) 
The major trading centers where 'masur' is traded in India are 
Jabalpur (l^ladhya Pradesh) 
Rewa ([^adhya Pradesh) 
Bhopal (f^adhya Pradesh) 
Sagar (r^adhya Pradesh) 
Vidisa (I^adhya Pradesh) 
Sultanpur (Uttar Pradesh) 
Bahraich (Uttar Pradesh) 
Bhatpara (West Bengal) 
Rajnandgarh (Chattisgarh) 
1.2.4 M a r k e t inf luencing factors 
• Weather fluctuations 
• Information flow regarding the supply of the pulse 
• Price movements of the substitute pulses 
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. Production level in the main exporting countries 
1.3 Uses of lentil 
1. Nutritional value and health benefits 
A large percentage of Indians is vegetarian and lentils have 
long been part of the indigenous diet as a common source of 
protein. Lentils contain high levels of proteins, including the 
essential amino acids isoleucine and lysine and are an essential 
source of inexpensive protein in many parts of the world for those 
who adhere to a vegetarian diet or cannot afford meat. Lentils are 
deficient in two essential amino acids, methionine and cystine. 
However, sprouted lentils contain sufficient levels of all essential 
amino acids, including methionine and cystine. 
Apart from a high level of proteins, lentils also contain dietary 
fiber, folate, vitamin Bi, and minerals. Red (or pink) lentils contain 
a lower concentration of fiber than green lentils (11% rather than 
31%). Lentils are often mixed with grains, such as rice, which 
results in a complete protein dish. Green lentil plants mal<e valuable 
green manure. Seeds are a source of commercial starch for textile 
and printing industries. 
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2. I ron content 
Lentils are one of the best vegetable sources of Iron. This 
makes them an important part of a vegetarian diet and useful for 
preventing iron deficiency. Iron is particularly important for 
adolescents and pregnant women, whose requirements for it are 
increased. 
3. Traditional Medicinal Uses 
Lentils are supposed to be a remedy for constipation and 
other intestinal afflictions. "In India, lentils are poultice onto the 
ulcers that follow smallpox and other slow-healing sores". Lentil is 
astringent and cures skin diseases. 
4. Nitrogen fixation 
It is known fact that by growing leguminous crop, the fertility 
of land can be restored. Thus, lentil is capable of fixing atmospheric 
nitrogen in the soil, thereby, increasing its fertility. This is due to 
the presence of symbiotic bacteria (like Rizobium sp.). This feature 
greatly helps in considerably minimizing the fertilizer requirement. 
1.4 Cytogenetic of lentil 
The diploid chromosome number in the genus Lens is 2n = 14. 
Trisomies were also available in the progeny of one interchange 
heterozygote (Gupta, Kumar, Tyagi and Sharma in 1999). The size 
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and small number of chromosome makes the lentil a suitable 
material for cytogenetic study. 
1.5 Induced variability in lentil 
Variability, the base of crop improvement can be quickly 
brought about through induced mutagenesis. 
When genetic variability is narrowed using traditional breeding 
methods for a long period, induced mutation is one of the most 
important approaches for broadening the genetic variations. 
Lentil is a common source of protein and its nitrogen 
requirement is substantially met through symbiotic nitrogen 
fixation. The amount of fixed nitrogen depends on effective 
nodulation. Plants having more nodules and better expression of 
their component have significant effect on yield and quality. In lentil 
limited variability exists for important economic traits. Induced 
polygenic variability is expected to play an important role in 
increasing the genetic variability. As the exploitation of exotic 
variability through recombination breeding is tedious and pollination 
difficult due to tiny flowers, mutation breeding is more advisable for 
this crop that offers a . great scope and promise to generate 
additional variability for yield and other economically important 
traits in lentil. 
10 
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The genotype of lentil is honnozygous, because of self 
pollination; therefore, there is a need to induce additional variability 
for further Improvement of its genotype through mutation breeding. 
Induced variability which can be useful in breeding programmes is 
generally obtained through use of mutagens. The choice of mutagen 
and its dose are crucial for creating new genetic variability. 
Discovery of chemical mutagens during the forties opened 
new vistas of understanding the nature of the mutation process. 
Now there are hundreds of synthetic chemicals which have been 
used extensively and found to be highly mutagenic in various 
organisms. Chemical mutagens provide a good scope for selection 
as a tool for inducing alteration in the genotype to enhance the 
variability of characters. Different chemicals can induce different 
kinds of mutations in the genome of a plant. The two chemical 
mutagen used in present investigation are ethyl methane 
sulphonate (EMS) and sodium azide (S.A). 
Ethyl methane sulphonate (EMS): - is an Alkylating agent 
having structural formula 
CH30S02CH2CH3 
11 
INTRODUCTION 
It produces random changes in genetic material by 
substituting the nucleotides; specifically by guanine all<ylation. The 
ethyl group of EMS reacts with guanine in DNA, forming the 
abnormal base-O-6-ethylguanine. During DNA replication, DNA 
polymerases that catalyze the process frequently place thymine, 
instead of cytosine, opposite 0-6-ethylguanine. Following 
subsequent rounds of replication, the original G:C base pair can 
become an A:T pair. This brings about the genetic changes. 
Sodium Azide (SA): - is an extremely toxic ionic compound, 
highly soluble in water, with the structural formula. 
Na+ 
N- = N+ = N' 
Sodium azide (NaN3) is one of the powerful mutagens in crop 
. plants. Sodium azide creates point mutation, A,T">G,C base pair 
transition and transversion. Thus change the genetic information. 
1.6 Objective 
Considering the importance of lentil as a pulse crop and the 
mutagenecity of EMS and SA, Present study has been aimed at 
exploring the possibility of inducing alterations in the genotype to 
enhance the variability and screen the plants in Mi generation 
12 
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showing cyto-morphological variations. In particular, following 
objectives were taken into consideration. 
1. To evaluate the effect of different mutagenic treatments on 
various biological parameters in I i^ generation. 
2. To study the effect of different mutagenic treatment on the 
meiotic behaviour of chromosomes. 
3. To study the effect of chemical mutagens on the induction of 
variability in quantitative characters in Mi generation. 
4. To compare the sensitivity of two varieties of lentil to the 
different mutagenic treatments. 
n 

CHAPTER-2 
Review of Literature 
Crop improvement using induced mutagenesis is now well 
established. A large number of new promising varieties in different 
crops have successfully been developed world wide using both 
physical and chemical mutagens. Voluminous literatures are now 
available on basic and applied aspects of mutagenesis. Mutation 
techniques have been refined and hold promise of generating a 
much wider desirable variability than classical breeding. Recent 
advances in technology combined with classical mutation breeding 
offers new and exciting challenges for development of new 
varieties. Therefore it is necessary to compile worldwide activities 
on induced mutagenesis for crop improvement. 
This Chapter deals with the earlier work on various aspects of 
Lens culinaris and related crops with an aim to understand the use 
of inducing mutations in crop plants with respect to cytology and 
Genetics. The effects of mutagens on various aspects of LeA7S 
culinaris and other crops have been reviewed here under two 
categories. 
1. Biological damage and economic characters. 
2. Cytological studies. 
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2.1 Biological damage economic characters: 
2.1.1 Biological damage 
The assessment of biological damage is important criterion 
used by mutation breeders in determining the efficiency of 
mutagens and the mutagenic sensitivity of the biological materials 
under investigations. 
Sharma and Sharma (1986) determined mutagen sensitivity 
and mutability of 'macrosperma' and 'microsperma' varietal groups 
of lentil with gamma-rays and NMU. The increasing doses of 
gamma-rays and NMU decreased germination root and shoot 
length, pollen fertility and plant survival. 
Vandana and Dubey (1988) treated the seeds of Vicia faba L. 
with different concentrations of EMS and DES and found that 
germination, seedling growth, pollen fertility, time to maturity and 
survival were adversely affected by both the mutagens. Plant 
height, branching, number of leaves, pods and seeds as well as 
yield per plant showed varying response to different concentrations 
of mutagens. However, DES at all doses and EMS only at the 
highest doses adversely affected these traits, whereas, the lower 
dose of EMS had either no effect or a slight enhancing effect. 
Sarker and Sharma (1989) studied the Immediate effect of 
mutagenesis in a land variety of lentil (L-3991). The mutagenic 
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treatments caused significant biological damage which was 
measured by Mi parameters. However, the pattern of mutagenic 
damage varied with different mutagens. Gamma rays had more 
drastic effect on fertility and seedling height, Ethyl methane 
sulphonate (EMS) on fertility, Nitroso ethyl urea (NEU) on 
germination, and survival and minimum toxicity was recorded with 
sodium azide (SA) 
Vandana and Dubey (1990) treated the seeds of Lens culinaris 
Med. Var. K-85 with ethyl methane sulphonate (EMS) at 0.05%, 
0.125%, and 0.25% and diethylsulphonate (DES) at 0.25%, 0.50%, 
0.75% concentrations. Germination and seedling growth was 
promoted by the lower doses of mutagens, while higher doses had 
pronounced adverse effect. Survival, pollen fertility, and maturity 
were adversely affected by both mutagens. 
Ashraf et al. (2000) noticed that there was a decrease in all 
biological criteria studies with an increase in dose of gamma rays in 
the Ml generation. A dose dependent response was observed and at 
higher doses the effect was drastic. The LDso (dose at which 
50%lethality would occur) values for all biological end points were 
moderate. 
Wani et al. (2004) treated the seeds of lentil were treated 
with various concentrations of EMS. A study was made on seed 
germination, pollen fertility, and root length of the seedlings. In 
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general, seed germination, pollen fertility, and seedling height 
decreased and gave a dose dependent relationship in both the 
varieties. 
Wani & Khan (2004) studied the effect of-hydrazine hydrate 
(HZ) on certain biological paranneters of lentil. The seeds were 
treated with different concentration of HZ and observed the 
immediate effect on seed germination, pollen fertility and seedling 
height. In general, seed germination pollen fertility and seedling 
height decreased with increasing concentration of Hz. For all the 
three Mi biological parameters under study, var. pant. L- 639 was 
found to be more sensitive than variety type-36 to various doses of 
HZ. 
Khan et al. (2004) induced the mutations in two mungbean 
using sodium azide. The immediate effects of mutagenic treatments 
were measured in terms of biological damage caused in Mi 
generation. All the mutagenic treatments reduced the percentage of 
seed germination, pollen fertility and survival at maturity. Such 
reductions, with an exception of survival, were found to be dose 
dependent. 
Jabee and Ansari (2005) treated the seeds of Cicer arientinum 
L var. K-850 with Hydrazine sulphate (HS) and observed variations 
in seed germination, growth, morphology. Pollen fertility, and yield 
in Ml, M2 and M3 generations. Lower doses of HS were more 
17 
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effective and efficient, but followed a declining trend with increasing 
concentrations of HS in var. K-850. Significant dose dependent 
variations in chromosome behaviour were also reported. 
Girija and Dhanavel (2009) studied mutagenic effectiveness 
and efficiency of gamma rays, EMS and their combined treatments 
in the genotype of cowpea variety C07. The mutagenic treated 
seeds were tested for LD-50 doses for all mutagens, separately and 
the dose at which 50 percent of the seed germination noticed was 
considered as LD50 values. The mutagenic effectiveness and 
efficiency was calculated on the basis of biological damage in Mi 
generation based on seed lethality (L) and seedling injury (I). 
Wani (2009) treated seeds of chickpea with gamma rays and 
EMS. The biological damage was calculated in Mi generation based 
on seed lethality, seedling injury, pollen fertility and meiotic 
aberrations. 
2.1.2 Economic Characters 
The availability of sufficient genetic variability is prerequisite 
for attempting selection in plant breeding to develop desired plant 
types in any crop. Several induced morphological mutations have 
been reported in literature showing alterations in the morphology of 
various plant parts. 
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Sharma and Sharma (1981a) observed differential mutagenic 
response of gamma rays and NIMU in microsperma and 
macrosperma lentils. They observed better viability of chlorophyll 
mutations like Xantha and Chlorina in the microsperma than in the 
macrosperma varieties 
Laxmi and Gupta (1983) studied the response of different 
concentrations of EMS on various quantitative characters in M2 
generation in Trigonella. A significant gradual decrease in plant 
height, number of branches per plant, number of Pods per plant, 
number of grains per pod, pod length, and grain yield per plant was 
noted with an increase in EMS concentration. 
Sarkar and Sharma (1987) noticed that all the mutagenic 
population showed increased variability over control for the 
character under study. Characters like flowering durations, numbers 
of primary branches per plant, effective peduncle/ plant, and seed 
yield/plant exhibited more variations than numbers of seeds/pod 
and 1000-seed weight in M2 generation. Among the mutagens NMU 
and EMS induced greater variability for most characters than 
gamma rays and Sodium azide 
Tripathi and Dubey (1992) treated the seeds of two 
microsperma varieties (K-75 and K-333) of lentil with 5 Kr, 10 Kr of 
gamma rays and/or 0.0125 of EMS. Various chlorophyll, vital, and 
sterile mutants were reported. 
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Kumar et al. (1993) treated the seeds of Vicia faba L. with 
single and combined application of 0.7% DES and 10 l<R /-rays. 
They recorded reduction in germination percentage, seedling 
growth, plant height, number of branches per plant, number of pods 
per plant, number of seeds per pod, survival percentage and seed 
yield in the mutagenic treatments in addition to increased pollen 
sterility and delay in days to maturity. Application of y-rays both 
singly and in combination with DES induced more severe effects 
than application of DES alone. 
Girhe and Choudhary (2002) treated the seeds of variety 
pusa-24 of the pulse, Lathyrus sativus L. with various 
doses/concentrations of physical (gamma rays) and chemical (SA 
and EMS) mutagens. Various morphological mutations were 
recorded in the M2 and M3 generations. These morphological 
mutations were characterized on the basis of the part of the plant 
body affected and based on this, 21 different morphological mutants 
were isolated. Among them, the important mutants from the 
breeding point of view were high yielding and early flowering; 
whereas the pink, peach and white flower colour mutants were 
important from the ornamental point of view. 
Solanki and Sharma (2003) treated the seeds of large lentil 
cv., Precoz Selection, with three doses each of gamma rays, ethyl 
imime (EI) and N-nitroso-N-ethyl urea (NMU). The morphological 
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mutations induced clianges for growtli habit (compact, busy and 
prostate), foliage (narrow, broad, curly, laciniata and tendrillar), 
plant height (tall and dwarf), maturity and flowering behaviour 
(early, late and sterile). In general spectrum of morphological 
mutations was not influenced by the group of Mi damage, except 
some mutation types occurred more frequently than others in 
certain groups. 
Wani & Anis (2004) studied the effect of gamma-rays and 
EMS on eight quantitative traits in two variety of chickpea and 
reported that combination treatment proved to be most effective 
followed by EMS and gamma ray in inducing the magnitude of 
variability. Lower doses showed stimulatory effect while higher 
doses showed inhibitory effect on the mean performance of all the 
polygenic traits. 
Khan et al. (2005) obtained a broad spectrum of chlorophyll 
mutations in M2 generation by using EMS, SA and HZ in two 
varieties of Cicer arietinum L. Lower and moderate concentrations 
of EMS gave higher frequency of chlorophyll mutations whereas no 
such trend was noticed with other two mutagens. Total chlorophyll 
mutation frequency was found maximum with EMS treatments 
followed by HZ and SA. 'xantha' followed by 'chlorina' out numbered 
other types of chlorophyll mutants in both the varieties. In both the 
varieties, the order of mutagenic effectiveness was: HZ>SA>EMS. 
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Solanki (2005) isolated twelve kinds of morphological 
mutations including changes for growth habit (compact, bushy, 
prostrate) foliage (narrow, broad, rough, tendrillar) plant height 
(tall, dwarf) maturity and flowering behaviour (early, late, sterile) in 
lentil by EMS and SA treatments. The mutations for growth habit 
and foliage were induced with higher frequency by EMS, whereas, 
those for plant height, maturity and flowering behaviour were 
induced with higher frequency by SA on the basis of sterility, SA 
was found more effective and efficient than EMS. 
Bhat et al. (2006) obtained pod and seed mutants after 
treatment with 10 kR of gamma rays and also Induced a closed 
flower mutant after treating the seeds of Vicia faba L. variety minor 
with 0.04% MMS. The induced pod and seed mutants were isolated 
in Ml generation and its breeding behaviour was studied by raising 
M2 and M3 generations. The closed flower mutant isolated in M2 
generation showed premature fall of flowers and leaves and was 
completely sterile and did not set the pods. The floral parts did not 
show the normal development. The detailed cytological investigation 
of these mutants showed various chromosomal aberrations such as 
multivalents, stickiness, precocious separation, fragments, laggards. 
Bridges, non-synchronisation, non-disjunction, disturbed polarity 
and micronuclei. It was suggested that floral deformities might be 
due to chromosomal and genie changes. 
22 
REVIEW OF LITERA TURE 
Singh et al. (2006) treated seeds of microsperma lentil {Lens 
culinaris Medik.) with gamma rays and EMS and their combination. 
Positive and negative shift in mean values were observed for days 
to maturity, plant height, primary and secondary branches per 
plant, number of pods per plant, grain yield per plant, 100 grain 
weight, number of nodules per plant, nodule dry weight and protein 
content in M2 and 1^3 generations. The lower dose of gamma rays 
and EMS treatments increased the mean values for all the 
characters in both M2 and M3 generations. Generally the higher 
doses of mutagen decreased the mean values for most of the 
characters. In general, variability was directly proportional to the 
doses of mutagenic treatments. 
Khan and Tyagi (2009) studied the phenotypic response of 
soybean cultivars to ethyl methane sulphonate (EMS), gamma rays 
and their combinations in Mi and M2 generations and the frequency 
and spectrum of chlorophyll mutations were worked out. Combined 
treatment was found to be more effective in inducing chlorophyll 
mutations compared to individual treatments of gamma rays and 
EMS in both the cultivars. As far as the spectrum of chlorophyll 
mutations is concerned, a wider spectrum in both the cultivars was 
observed in 45 kR + 0.2% EMS combined treatment. 
Siddiqui et al. (2009) studied genetic variability induced by 
gamma rays and ethylmethane sulphonate (EMS) alone and in 
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combination and was evaluated for important economic characters 
in rapeseed {Brassica napus L.) cv. Waster. Comparison wittn control 
reveaied tlnat the mutagen treatments shifted the mean values in 
positive as well as negative directions. 
Sharma et al. (2010) exposed seeds of garden pea {Pisum 
sativum L ) , to gamma rays and ethyl methane suiphonate (EMS). A 
wide range of chlorophyll and viable morphological mutations were 
obtained in 1^2 generations (subsequent generation derived from 
seed harvested in Mi). Among chlorophyll mutants, frequency of the 
xantha type (pale yellow colored seedlings) was higher followed by 
chlorina (yellowing of leaf) and albina type (completely devoid of 
chlorophyll) mutants. The desirable mutants of long and dark green 
pods, three or more flowers or pods on a peduncle, profuse 
branching and pod bearing, short internodes, dark green pods, and 
male sterility were isolated from different treatments over years. 
Lethality or biological injury, manifested as reduced germination, 
increased with increasing dose of gamma rays and EMS. 
Khan and Tyagi (2010) studied mutagenic effectiveness and 
efficiency of gamma rays, EMS and their combined treatments in 
terms of M2 (progenies) lethality and chlorophyll mutations in two 
cultivars of soybean. In general the frequencies of chlorophyll 
mutations were high in gamma rays and combined treatments. Four 
types of mutants viz., albina, xantha, chlorina and viridis were 
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observed in the study.Gamma rays were found to be more effective 
to induce chlorophyll mutations in both cultivars. PK-1042 cultivar 
exhibited higher mutagenic efficiency as compared to Pusa-16 in 
EIWS and gamma rays treatment. 
2.2 Cytological studies: 
Cytogenetic studies are important for obtaining information 
regarding the role and effect of various mutagens and elucidating 
the response of various genotypes to a particular mutagen. 
Estimation of cytological abnormalities and their magnitude during 
mitosis or meiosis is most important index for evaluating the effect 
of a mutagen and also provides considerable clue to assess radio-
sensitivity of plants to mutagens. Chromosomal rearrangements are 
one of the most frequently produced classes of mutation that 
resulted from the action of mutagens. Mutagen induced 
chromosomal aberrations have been reported by many workers in 
different plants such as in Vicia faba (Bhat et al. 2005,2007), 
Trgonella foenum-graecum (Srivastava and kapoor 2008), 
maize(Kumarand Rai 2009). 
Dixit and Dubey (1986) reported that alkylating agents were 
known to produced chromosomal aberrations leading to abnormal 
chromosomal behaviour during meiosis and consequently to varying 
degree of sterility. They also reported the effects of seed soaking in 
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different alkylating agents on meiosis in lentil var. T.36. However, 
very limited infornnation regarding ttie effects of tliese chemicals on 
meiosis in lentil {Lens culinaris l^edik.) is available. 
Anis et al., (2000) studied the effect of ethyl methane 
sulphonate, sodium azide and methyl methane sulphonate on 
various cytological parameters in M2 generation in Capsicum annum 
and also reported' that EMS caused a more reduction in chiasma 
frequency. The occurrence of various chromosomal abnormalities in 
treated population revealed the capability of mutagens in inducing 
mutation for Cytological characters. 
Anis and Sharma (1997) studied the chiasma frequency per 
bivalent and per pollen mother cell in Mi plants raised from the 
seeds of Capsicum annum treated with EMS, MMS and SA. 
Reduction in chiasma frequency was noticed in all the mutagenic 
treatments compared to their respective control. EMS caused a 
greater reduction in chiasma frequency than MMS and SA. 
Chromosomal aberrations like clumping and stickiness among 
bivalents, multivalents, univalents, fragments, irregular grouping of 
chromosomes and laggards were encountered. 
Reddy and Annadurai (1992) analysed the cytological effect of 
/ - rays EMS, SA and / - rays EMS, SA and their combinations in 
lentil var. PL-639, The mean values of quardivalents, rod bivalents. 
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univalents, fragments/ bridges, other abnormal cells and pollen 
sterility were increased in mutagenic treated populations, while the 
chiasma frequency was decreased. Combined treatment showed 
additive effect. 
Reddy et al. (1992) reported the meiotic abnormalities in 
lentil (Lens culinaris Medik.) induced by y-rays EI^S, SA and their 
combination treatments. The various types of aberrations such as 
quadrivalents, trivalents, ring and rod bivalents, unoriented 
chromosomes, bridges, fragments and micronudei were recorded in 
Ml generation. I^eiotic abnormalities increased with increase in dose 
duration and concentration of mutagens. Combined treatments 
produced higher frequency of abnormalities. 
Verma et al. (1999) treated three varieties of Lens culinaris 
Me6\k. Viz KL-127, KL-133, and T-8 with different doses of gamma 
rays. The meiosis was unaffected in the var. T-8 but on the 
contrary the effect was maximum in the var. KL-133 resulting the 
occasional clumping of chromosomes. As a result, the chromosomes 
were organized into 3 or 4 groups. However, in the variety KL-127 
only the sticl<iness of chromosomes was observed. 
Kumar et al. (2003) treated the seeds of Lens culinaris with 
different doses of gamma rays and EI^ S in individual and combined 
sets. The frequency of meiotic irregularities was found to be more 
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in the sets of combined treatment as compared to individual one. 
The various types of meiotic abnormalities recorded were 
multivalents, univalents formation, stickiness, precocious 
movement of chromosomes, unorientation, laggards and bridges. 
Sharma and Kumar (2004) studied the effect of ethyl 
methane sulphonate on meiotic abnormalities in two cultivars of 
Cicer arietinum L. They recorded different types of meiotic 
abnormalities such as stickiness, univalents, multivalents, 
unorientation of chromosomes, precocious separation of 
chromosomes at metaphase and bridges, laggards and unequal 
separation of chromosome at anaphase. A dose dependent increase 
in meiotic abnormalities was obtained in both the cultivars. 
Salimuddin and Ramesh (2005) induced chromosomal 
interchanges in 27 plants of lentil in Mi each carrying one 
quardivalent / one hexavalent. The frequency of different meiotic 
confrigurations in pollen mother cell of these 27 interchange 
heterozygotes in Mi and progenies of 21 heterozygotes in M2 were 
also studied. 
Bhat etal. (2005a) studied the effect of y-rays, ethyl methane 
sulphonate (EMS) and methyl methane sulphonate (MMS) on 
meiotic features and pollen fertility in Vicia faba L. Studies 
undertaken in Mi generation on the variety 'minor' of this species 
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showed that both the physical and chemical mutagens elicit various 
l<inds of chromosomal abnormalities and reduction in pollen fertility. 
Such effects were dose dependent. However, the induction of 
meiotic abnormalities was higher in MMS treatment, followed by 
gamma rays and EMS. 
Bhat et al. (2005b) studied the relative effect of EI^ S and 
I^ MS on meiosis and pollen sterility in Vicia faba L. var. 'major' in 
Ml generation and reported various meiotic aberrations like 
stickiness, laggards, bridges, precocious separation, disturbed 
polarity, cytomixis and non-synchronisation. Stickiness of 
chromosomes was the most common aberration followed by bridges 
and precocious separation. Among the different stages of meiosis 
the frequency of chromosomal aberrations was maximum at 
metaphase-I and showed a linear increase with increase in 
concentration of both the mutagens. However, MMS induced 
maximum frequency of aberrations than EMS. Pollen sterility was 
considered to be cumulative result of various meiotic aberrations. 
Ganai et al., (2005) treated seeds of Cicer arietinum L. var. 
(GNG-469 and BG-372) with different concentrations of MMS and 
studied the cytology of control as well as treated plants of Mi 
generation and noted the meiotic abnormalities such as univalents, 
multivalents, stickiness, laggards, bridges,, unequal separation. 
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cytomixis and micronuclei. A dose dependent increase in meiotic 
abnormalities was obtained in both the varieties. 
Bhat et al., (2006a) irradiated the seeds of broad been {Vicia 
faba L.) varieties 'minor' and 'major' with different doses of gamma 
rays. I^eiotic abnormalities such as chromosome clumping, 
laggards, univalents, multivalents, bridges, disturbed polarity were 
recorded in the treated population and were found to be directly 
proportional to the administered doses. 
Bhat et al. (2006b) reported cytomixis during microsporo -
genesis at various stages of meiosis in methyl methane sulphonate 
(MMS) treated populations of Vicia faba L. Cytomixis was observed 
to occur through various methods, i.e. by forming cytoplasmic 
channels and direct fusion of pollen mother cells. The migration of 
nuclear content involved ail the chromatin / chromosomes or part of 
it from donor to recipient cell/cells. Increasing concentrations of 
MI^S had a positive effect on the percentage of PMCs showing 
cytomixis. The level of pollen fertility was found to be affected by 
cytomixis and chromosome sticl<iness. It seems possible that 
genetic factors might have also contributed towards pollen sterility. 
Bhat et al. (2007) provided a comparative account of 
cytological and developmental effects of Diethylsulphate (DES) and 
sodium Azide (SA) on meiotic features, poUea fertmty, seed 
germination and seedling survival in Vicia faba L. Studies 
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undertaken in Mi generation on the variety 'major' of this species 
showed that both the mutagens DES and SA elicit various 
chromosomal aberrations in meiosis and reduction in seed 
germination, pollen fertility and seedling survival. Such effects were 
dose dependent and positively correlated with seed germination, 
pollen fertility and seedling survival. However, the induction of 
meiotic aberrations was higher in DES than SA treatments, 
suggesting that DES could be more effective in inducing additional 
variability than SA, in Vicia faba L var. 'major'. 
Srivastava and Kapoor (2008) studied the effect of sodium 
azide on various cytological parameters in Trigonella foenum-
graecum L. and observed that partial or complete stickiness of 
chromosomes and disorientation of spindle were the major 
anomalies in meiocytes of Trigonella plants. Other aberrations like 
unequal separation, non synchronous division, bridges, laggards, 
stray chromosomes were reported. The pollen fertility and yield 
showed an increase over control despite the high frequency of 
stickiness and spindle disorientation. 
Kumar and Srivastava (2008) studied the effect of EMS and 
SA on safflower using 0.5% aqueous solution of both mutagens for 
3, 5 and 7hrs durations. Maximum percentages of chromosomal 
abnormalities were displayed at maximum duration of 7hrs. 
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Kumar and Tripathi (2009) studied the effect of heat stress on 
various nnorphological and cytological parameters of Lathyrus 
sativus. A large number of interesting l<aryological and cytoplasmic 
Irregularities viz. multivalents, transmigration of chromosomes, 
bridges, tripolarity, etc. were found among 48hr heat treated 
population in M2 generation. 
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MATERIALS AND METHODS 
3.1 MATERIALS 
3.1.1 Varieties used 
In the present investigation the certified, healthy and dry 
seeds of the following two varieties of Lens culinaris were used. 
(i) Lens culinaris Med. Variety- K-75 ( 2n=14) 
(li) Lens culinaris Med. Variety- KLB-303 (2n=14) 
Seeds of both the varieties were obtained from Chandra 
Shel<har Azad University of Agriculture & Technology, Kanpur. 
3.1.2 (Mutagens used 
In the present investigation the following two chemical 
mutagens were used: 
1. Ethyl methane sulphonate (EMS)- CH3OSO2CH2CH3 
2. Sodium azide (SA)- NaNa 
The Concentrations 0.05%, 0.10%, 0.15%, 0.20%, 0.25% of 
each mutagen (EMS and SA) were used for 8hrs duration. 
3.2 I^ETHODOLOGY 
3.2.1 LD50 dose 
For the induction of mutation In mutation breeding 
programme, the determination of most suitable doses of mutagen is 
important. Higher doses induced physiological injuries. Treatment 
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doses range according to the type of mutagens, plant species and 
materials. In general, the effect of mutagenic treatment comprises 
several parameters, of which, the most important are concentration 
of mutagens, durations of treatments, temperature and pH. 
Prior to mutagenic treatment, LD50 values of each mutagen for 
both the varieties were determined. The seeds treated with various 
concentrations of both mutagens with their respective controls of 
both the varieties were spread over moist cotton in Petri plates, in 
order to determine percentage of seed germination. The petriplates 
were kept in the B.O.D. incubator at 25±1°C temperature. 
3.2.2 Sample size 
In each variety a set of 50 seeds were used for each 
dose/treatment including the control. Each set of 50 seeds were 
sown in the pot for morphological and cytological studies. 
3.2.3 Presoaking of seeds 
Prior to the mutagenic treatments the seeds were presoaked 
in distilled water for 12 hours at room temperature (25±10 °C) in 
order to activate the embryo. After the presoaking period is over 
the seeds were kept on blotting paper so as to remove small 
droplets of water adhering to the seed surface. 
3.2.4 Preparation of stocic solution of mutagens 
• To prepare 1 % stock solution of EMS, 1 ml of EMS was mixed 
in 99 ml Phosphate Buffer having pH 7. 
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• To prepare 1 % stock solution of SA, 1 gram of SA was mixed 
in 99 ml Phosphate Buffer having pH 3. 
3.2.5 Preparation of different concentration of mutagens 
The required concentrations of EMS and SA were prepared 
from the stock solutions using the following formula: 
S i V i = : S2V2 
Where, 
Si = Strength of the stock solution. 
S2 = Strength of the required solution. 
Vi = Volume of the stock solution. 
V2 = Volume of the required solution. 
3.2.6 Seed t reatment with mutagens 
The presoaked seeds of the two varieties were treated with 
different concentrations of the two mutagens (EMS and SA) for 8 
hours. One set of seeds in each variety was kept unti*eated to act as 
control for comparison. 
During mutagenic treatments, intermittent shaking was given 
throughout the treatment period to facilitate sufficient aeration. 
After treatment seeds were thoroughly washed for 1 hour in running 
tap water to remove the residual effect of the mutagen'sticking to 
the seed coat before they were sown in pots. 
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3.3 S T U D I E S I N M i GENERATION 
Data on the following characters were recorded in Mi 
generation, of Lens culinaris. 
3.3.1 Biological parameters 
1. Germination: 
Data on seed germination were recorded daily right from the 
emergence of first shoot till the maximum germination attained in 
each treated as well as control seeds. After the seed germination 
had stopped, the total number of germinated seeds was counted 
and finally the percentage of seed germination and percentage of 
inhibition were calculated by using the following formulae. 
Number of seeds germinated 
Germination (%) = x 100 
Number of seeds sown 
Control - Treated 
Inhibition (%) = x 100 
Control 
2. Plant survival (%) 
Number of plants survived was counted at the time of 
maturity and following formulae were used to calculate the survival 
percentage and lethality. 
Number of plant at maturity 
Survival (%) = x 100 
Number of seeds germinated 
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Control - Treated 
Lethality (%) = x 100 
Control 
3. Pollen fertility 
The pollen fertility was estimated from fresh pollen samples. 
The pollen grains were dusted in a drop of 2 % acetocarmine on a 
slide. The pollen grains which took the stain and had a regular 
margin were considered as fertile while the hyaline (empty) ones 
without stain and having irregular shape were considered as sterile. 
The percent fertility and sterility was calculated as follows: 
Number of fertile pollen 
Pollen fertility (%) = x 100 
Total number of pollen 
Control - Treated 
Percent reduction (sterility) = x 100 
Control 
3.3.2 Economic characters 
Observations on 10-15 normal looking plants of each progeny 
from both treated and control populations were recorded. The 
quantitative characters studied in Mi generation are as follows: 
1. Days to flowering: Days taken to flowering were noted from 
the date of sowing till first flower appeared in treated as well as 
control plant. 
2. Days to maturity: It was noted as the number of days taken 
from the date of sowing to the date of harvesting of plants. 
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3. Plant Height (cm): The height of mature plants in control as 
well as in each treated population was measured from the point 
above the ground to the tip of the main axis of the plant. 
4. Number of branches per plant: Total numbers of branches 
were counted at maturity on the plant. 
5. Number of pods per plant: Number of pods born on the 
whole plant was counted at maturity. 
6. Number of seeds per pod: The number of seeds per pod in 
control and treated material were also taken into account. 
7. 100-seed weight (g): The weight of 100-seeds from each 
plant was taken and average weight of 100-seed per plant was 
determined, 
8. Total plant yield (g): The seed, from individual plant were 
separately thrashed and weighed and the average yield per 
plant was determined. 
3.3.3 Cytological studies 
2.3.3.1 Fixation of flower buds 
The young flower buds of proper size were collected carefully 
from treated as well as control populations and fixed in Carney's 
fluid (alcohol: chloroform: acetic acid In a 6:3:1 ratio), with few 
crystals of ferric chloride (FeCb) for 24 hours. The material was 
then washed and preserved in 70% alcohol. Anthers were squashed 
In 2% propanocarmine. Coverslip covered with wax. Preliminary 
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observations were taken from temporary slides, \Nh\ch were made 
permanent later on using n-butyl alcohol and GAA. The permanent 
slides were l<ept in incubator at 45 oc. More than 500 dividing PI^ Cs 
from each treatment, as well as control populations were studied 
and analyzed at metaphase I/ I I , anaphase I/II and telophase I/II 
stages. The photomicrographs were taken from temporary as well 
as permanent slides. Analysis of various stages of meiosis was done 
from permanent slides at metaphase, anaphase and telophase 
stages. I^iicrophotographs were taken from temporary as well as 
permanent slides. 
2.3.3.2 Making permanent slides 
1. The wax from the temporary slides was removed with the help of 
blade. 
2. The slides were then kept in a Petri dish containing one part 
normal butyl alcohol and one part glacial acetic acid (NBA+GAA) 
in order to remove coverslips from the slides. 
3. The slides and coverslips were then transferred to absolute n-
butanol for 30 seconds. 
4. A drop of Canada balsam was put on each slide containing the 
squashed material and coverslips were again put on their 
respective slides. 
5. Later on the slides were kept in incubator at 45 °C for 2 to 3 
days. 
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2.3.4 Statistical analysis 
Data collected for different parameters in Mi generation were 
subjected to statistical analysis to assess the extent of variation in 
each parameter. The following statistical methods were used. 
1. Mean ( ^ ) 
The arithmetic mean or sample mean of the average value is 
easily computed by taking the sum of a number of observations (Xi 
+ X2 + Xn) and dividing it by number of observations (n) 
recorded. 
Where, (Xi + X2 + + Xn) = sum of observation. 
-^_{x,+x,+ x„) 
Or « 
X = /=i 
n= Total number of observations 
2. Standard Deviation (S.D.) 
Standard deviation is the positive square root of the average of 
sum of squares of deviation of all observations from.their means. It 
was computed on the basis of following formula. 
s^o.= (-^ 1-^ ) +(-y2-^r+(^3-^r+ +{x„-xy 
n 
Or S.D.= -^''=' 
n 
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Where, Xi, X2 Xn are observations. 
X = Mean of the observations involved 
n= Number of observations 
For small population 
.D. = | 
Z(^ , -^ 
(=1 
n-l 
Where, S.D. = Standard deviation 
^ = Mean of all observations 
n = Number of observations 
3. Standard Error (S.E.) 
Standard error was calculated by using the value of standard 
deviation and expressed in ±. The formula used to calculate S.E. is 
given below. 
S.D. of sample 
S.E. = 
Where, SD = Standard Deviation. 
n = Number of Observations. 
Standard error of mean is in fact a measure of reliability of sample 
mean as an estimate of the population mean. 
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4. Coefficient of Variability (C.V.) 
I t measures the relative magnitude of variations present in 
observations relative to the magnitude of their arithmetic mean. It 
is defined as the ratio of standard deviation to arithmetic mean, 
expressed as percentage and Is a unit less number. The following 
formula was applied to compute coefficient of variability (C.V.) 
Standard deviation 
C.V. = X 100 
Arithmetic mean 
S.D. 
Or C.V. = ——X 100 
X 
Where, S.D. = Standard deviation 
X = Arithmetic mean 
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CHAPTER - 4 
EXPERIMENTAL RESULTS 
Under the genetic improvement programme, mutation 
breeding was under taken to assess the effect of chemical mutagens 
on seed germination, plant survival, pollen fertility, behaviour of 
PMCs and various quantitative characters in Mi generation for the 
induction and isolation of useful variants in Lens culinaris Med. Var. 
K-75 and var. KLB-303. The observations recorded in Mi generation 
are given below: 
4.1 Biological parameters 
4.1.1 Seed germination (%) 
The data recorded on seed germination in control was found 
to be 92.00% and 94.00% in var. K-75 and KLB-303 respectively. 
Seed germination decreased with an increase in concentration of 
the mutagens in both the varieties. The maximum decrease in 
germination was observed at the highest concentration of all the 
mutagens. In case of EMS treatments, the maximum inhibitory 
effect on germination (39.13%) and (36.17%) was observed at 
0.25% in var. K-75 and var. KLB-303 respectively. In case of SA, 
the maximum inhibition (41.30%) and (38.29%) was recorded at 
0.25% in var.K-75 and var.KLB-303 respectively (Tables 1 and 2). 
Experimental Results 
In general, germination (%) was affected in all the treatments 
in both the varieties. However, var. K-75 was more sensitive to the 
mutagenic treatments than var. KLB-303. 
4.1.2 Plant survival (%) 
The data recorded on plant survival showed a gradual 
decrease with an increase in concentration of mutagens in both the 
varieties (tables-land2). Among the mutagenic treatments, the 
maximum survival percentage was observed at the lowest 
treatments and the minimum survival percentage was observed at 
highest treatments of both the mutagens. The maximum lethality 
i.e. 25.33% in var. K-75 and 23.40% in var. KLB-303 was recorded 
at 0.25% EMS treatment. In case of SA, the maximum lethality 
(30.30%) and (27.97%) was recorded at 0.25% in var. K-75 and 
var. KLB-303 respectively. The pooled mean values for survival 
percentage indicated that maximum survival (84.68% in var. 
KLB-303 and 82.27% in var. K-75) was observed in EMS as 
compared to 94% and 92% in controls (Tables 1 & 2). However, the 
pooled value of lethality was maximum, (15.97%) in var. K-75 and 
(14.40%) in var. KLB-303 in SA'treatment in both the varieties. 
However, var. K-75 was found to be more sensitive than var. KLB-
303 with respect to reduction in survival percentage. 
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4.1.3 Pollen fertility (%) 
Data recorded on pollen fertility are shown in Tables 1 and 2. 
The pollen fertility decreased with an increase in the mutagenic 
treatments. The maximum sterility was observed at the highest 
concentration of each mutagen. 
Among the mutagenic treatments, the maximum sterility i.e. 
31.08% and 29.43% was recorded at 0.25% SA in var.K-75 and 
var.KLB-303 respectively. The pooled mean value for pollen sterility 
indicated that SA induced more sterility than EI^S and var. K-75 
was found to more sensitive than var. KLB-303. 
4.2 Cytological observations 
The control plants of Var. K-75 and KLB-303 revealed seven 
perfect bivalents (2n = 14) at dial<inesis (plates I&IV, figs. 1&36) and 
metaphase-I (plates I&IV, figs. 2&37) which showed equal 
segregation (7:7) at anaphase-I (plates I&IV, figs. 3&38). The 
microsporogenesis in plants raised from treated seeds was highly 
disturbed. The meiotic studies showed almost similar types of 
chromosomal aberrations in both the varieties but the frequencies 
of these aberrations were different (Tables 3 and 4). The total 
frequency of meiotic aberrations in each concentration at different 
stages of meiosis is presented in the Table-5. 
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The various chromosomal aberrations like univalents, 
multivalents, stickiness, precocious separation, non-orientation of 
bivalents, stray bivalents and cytomixis at metaphases I/ I I , 
laggards, chromatin bridges, non-synchronization and unequal 
separation, cytomixis at anaphases I/ I I . The common meiotic 
aberrations at telophase I/II were disturbed polarity, micronuclei 
and cytomixis were seen during microsporogenesis in Mi plants. The 
observations showed that different chromosomal aberrations were 
dose dependent in both the varieties. 
4.2 .1 Chromosomal aberrations at metaphase I / I I 
4.2.1.1 Univalents 
The univalents were observed at the metaphase I in almost all 
the treated plant with various concentrations except 0.05% SA in 
both varieties and also 0.05% of EMS in var.KLB-303 (Plates I&IV, 
figs. 8,9,42,43&44). The frequency of PMCs showing univalents 
which ranged from 0.66%-0.99% in EMS and 0.33%-1.37% in SA 
in van K-75 whereas, the frequency of PMCs showing univalents 
ranged from 0.32%-1.29% in EMS and 0.34%-1.24% in SA in var. 
KLB-303. 
The maximum frequency of PMCs with univalents was 
recorded at the highest concentration of each individual treatments 
in both the varieties. The maximum frequency of PMCs with 
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univalents was 1.37% in SA treatment in K-75 and 1.29% in EMS 
treatment in var. KLB-303. 
4.2.1.2 Multivalents 
(Multivalents such as trivalents, tetravalents and hexavalents, 
heptavalents octavalents were observed at the metaphase I in the 
treated population in both the varieties (Plates I&IV, Figs. 10,11,12, 
45,46,&47). The multivalents showed dose dependent increase in all 
the individual mutagenic treatments in both the varieties. The 
frequency of PMCs showing multivalents ranged from 1.00%-3.32% 
in EMS and 0.99%-3.43% in SA in var.K-75, while this range was 
1.00%-3.54% in EMS and 1.34%-3.11% in SA in var. KLB303. 
The highest concentrations of each individual mutagen 
showed the higher frequency of PMCs with multivalents in both the 
varieties. The maximum frequency of PMCs with multivalents was 
3.43% at 0.25% SA in var. K-75 and 3.54% at 0.25% EMS var. 
KLB-303. 
4.2.1.3 Stickiness 
Stickiness or clumping of chromosomes at metaphase I/II was 
the most common meiotic aberration. Chromosomes were clumped 
either in one or different groups (Plates II&IV, Figs. 13,14&47). The 
frequency of PMCs showing stickiness ranged from 0.33%-1.65% in 
EMS and 0.66%-1.71% in SA in var. K-75, while the frequency of 
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PMCs showing stickiness ranged from 0.66%-1.93% in EMS and 
0.67%-2.49% in SA in var. KLB-303. Tlie Inighest concentration of 
eacii individual mutagenic treatment sliowed tine liiglier frequency 
of PMCs with sticl<iness in both the varieties. The maximum 
frequency of PMCs with stickiness was 1.71% and 2.49% at 0.25% 
SA in var. K-75 and KLB-303 respectively (Tables 3 and 4). 
4.2.1.4 Stray Bivalents 
These stray bivalents were those bivalents which were not 
found at equatorial plate at metaphase-I but were seen at 
peripheral region of the cell. Stray bivalents were observed almost 
in both the mutagenic treatments except 0.05% and 0:10% EMS 
and SA in both the varieties. The occurrence of stray bivalents at 
metaphase 1/ I I was one of the common cytological aberrations 
(Plates II&V, Figs. 17&49). The frequency of PMCs with stray 
bivalent ranged from 0.37% - 1.32% in EMS and 0.35% - 1.03% in 
SA in var. K-75 while in var. KLB-303 it ranged from 0.34% -
0.98% in EMS and 0.33% - 0.93% in SA (tables 8&9). EMS 
treatment showed more frequency of PMC with stray bivalents than 
SA in variety K-75 while in var. KLB-303, SA showed higher 
frequency of PMC with stray bivalents. 
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4.2.1.5 Precocious separation 
Precocious separation at metaphase 1/ I I was one of the most 
common cytological aberrations (plates II&V, figs. 15,16&48). 
Pollen Mother Cells with precocious movement were observed in all 
the treatments with a few exceptions (0.05% EMS, 0.05% and 
0.10% SA in both the varieties). The frequency of PMCs with 
precocious separation ranged from 0.33%-1.32% in EMS and 
0 .71%- 1.03% in SA in var. K-75 while the frequency of PMC with 
precocious separation ranged from 0.32%-0.96% in EMS and 
0.33%-1.24% in SA in var. KLB-303. Higher concentration showed 
higher frequency of PMCs with precocious separation. 
4.2.1.6 Non-orientation 
The non-orientation of chromosomes was observed in all the 
mutagenic treatments (plate II&V, figs.l8&50) except in 0.05% SA 
in both varieties. The frequency of PMCs with non-orientation of 
chromosomes ranged from 0.33%-1.66% in EMS and 0.67%-
2.06% in SA in var. K-75 while the frequency of PMCs with non-
orientation of chromosomes ranged from 0.33%-1.29% in EMS and 
0.34%-1.24% in SA in var. KLB-303. In general, SA showed higher 
frequency of PMCs with non-orientation than EMS in both the 
varieties. However, the var. K-75 showed more frequency of PMCs 
with non-orientation of chromosomes than var. KLB-303. 
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4.2.2 Chromosomal aberrations at anaphase I and I I 
The dominant chromosomal aberrations at anaphase I/II were 
laggards, chromatin bridges, unequal separation of chromosomes, 
non-synchronization and cytomixis. 
4.2.2.1 Laggards 
Laggards were observed in almost all the treatments (Plates 
I I , Figs. 19,20 & 21) with few exceptions. These laggards were seen 
either as univalents at anaphase-I&II or as whole bivalents at 
anaphase-!. The frequency of PMCs with laggards ranged from 
0.33%-1.32% in EMS and 1.07%-1.71% in SA in var. K-75, while in 
KLB-303 it ranged from 0.32%- 1.29% in EMS and 0.34%-1.58% 
in SA. Moreover, dose dependent increase was observed in all the 
mutagenic treatments in both the varieties. The maximum 
frequency of PMCs with laggards was 1.71 and 1.58% at 0.25% SA 
in var. K-75 and var. KLB-303.respectively. 
4.2.2.2 Unequal separation 
Unequal separation of chromosomes was noticed in both the 
varieties treated with both the mutagens but with different 
frequencies. Moreover, a dose dependent increase was observed in 
both the varieties treated with both the mutagens. The frequency of 
PMCs with unequal separation of chromosome ranged from 0.37%-
0.99% in EMS and 0.35%-1.03% in SA in K-75, whereas it ranged 
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from 0.34%-1.29% in EMS and 0.34%-0.93% in SA in KLB-303. 
However, tlie var. KLB-303 showed slightly more frequency of 
unequal separation than var. K-75. 
4.2.2.3 Non-synchronization 
Non-synchronization of chromosomes was observed in all the 
mutagenic treatments in both the varieties (Plates III&V, Figs. 
25&54). The frequencies of PMCs with non-synchroniation ragned 
from 1.33%-2.99% in EMS and 1.32%-3.09% in SA in K-75, 
whereas, this range was 1.33%-2.89% in EMS. and 1.34%-2.80% in 
SA in KLB-303. However, the var. K-75 showed higher frequency of 
non-synchroniation than var. KLB-303. 
4.2.2.4 Bridges 
Bridges at anaphase stages were frequently observed in 
almost all the mutagenic treatments in both the varieties 
(Plates II&V, Figs. 22,23,24,51,52,&53). Moreover, the highest 
concentration of each mutagen induced highest frequency of PMCs 
with bridges in both the varieties. The frequency of PMCs with 
bridges ranged from 0.33%-2.32% in EMS and 1.01%-3.09% in SA 
in K-75, while, the frequency of PMCs with bridges ranged from 
0.33%-1.93% in EMS and 0.68%-2.18% in SA in KLB-303. The 
maximum frequency of bridges was found in highest concentrations 
of mutagens in both varieties. Total frequency of PMCs with bridge 
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was higher in EI^ IS treatment than SA. However var. K-75 showed 
more frequency of bridge than var. KLB-303. 
4.2.3 Chromosomal aberrations at telophase I and I I 
The commonly recorded chromosomal aberrations at 
telophase I / I I were, disturbed polarity, micronuclei and cytomixis.. 
4.2.3.1 Disturbed polarity 
Disturbed polarity was found in almost all the concentrations 
of mutagenic treatment except at lower concentrations (0.05% SA 
in var. K-75 and 0.05% and 0.10% EMS in var. KLB-303 (Tables-3 
and 4). The frequency of PMCs showing disturbed polarity ranged 
from' 0.66%-2.99% in EMS and 0.33%-2.40% in SA in var.K-75 
while, it ranged from 1.38%-1.29% in EMS and 0.33%-1.24% in SA 
in var. KLB-303. The maximum frequency of PMCs showing 
disturbed polarity was recorded in var. K-75 at higher 
concentration. The maximum frequency of PMCs with disturbed 
polarity was 2.99% and 1.29% at 0.25% EMS in K-75 and KLB-303 
respectively. However more frequency of disturbed polarity was 
recorded in var. K-75 than var. KLB-303(Plates III,V&VI, figs. 
28,29,59 & 60). 
4.2.3.2 Micronuclei 
Micronuclei were observed in all the mutagenic treatments in 
both the varieties (Plates I I I & VI Figs. 30,31 & 61 ). The frequency 
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of PMCs with micronuclei ranged from 0.33%-3.32% in EI^ S and 
1.32%-2.74% in SA treated populations of var. K-75, whereas, it 
ranged fronn 1.6o%-2.25% in EI^ IS and 1.00%-2.49% in SA in var. 
KLB-303. However var. K-75 showed more frequency of micronuclei 
than var. KLB-303. 
4.2.4 Cytomixis 
In the present investigation cytomixis was observed as a 
dominant feature at prophase stages, metaphase I / I I , anaphase I/II 
and telophase I/II in almost all the treatments except few in both 
the mutagenic treatment in both the varieties (plate III&VI figs. 
32,33,34,35,62&63). 
The frequency of PI^ Cs showing cytomixis at metaphase-I 
ranged from 0.33%-1.32% in EMS and 0.71% - 1.71% in SA in var. 
K-75 while the frequency of PMCs showing cytomixis ranged from 
0.33% - 1.29% in EMS and 0.99% - 1.58% in SA in var. KLB-303. 
Cytomixis at anaphase I and I I were observed in low 
frequency in both the mutagenic treatments in both the varieties. 
The frequency of PMCs with cytomixis ranged from 0.72%-0.66% in 
EMS and 0.35%-0.68% in SA in K-75, while, the frequency of PMCs 
with cytomixis was 0.64% in EMS and 0.93%-0.62% in SA in 
var.KLB-303, 
The frequency of cytomixis at telophase stages ranged from 
0.33%-1.32% in EMS and 0.71%-1.71% in SA in var. K-75 
s^  
Experimental Results 
whereas, this range was 0.29%-1.61% in EMS and 0.33%-1.24% 
In SA in var. KLB-303. t he var. K-75 showed more frequency of 
PMCs with cytomixis than var. KLB-303. 
In addition of the above mentioned meiotic abnormalities, a 
few aberrations like disturbed metaphase, stickiness at anaphase, 
disturbed anaphase I I and tripolarity etc. were also noticed In some 
PMCs at higher treatments. 
Perusal of the results In Tables-3&4 revealed that meiotic 
aberrations increased with the increase In concentration of each 
mutagen In both the varieties. The overall frequency of meiotic 
aberrations at various stages of melosis indicated that metaphase 
aberrations were more common followed by anaphase and 
telophase aberrations (Table-5). SA was found to be more effective 
mutagen followed by EMS in Inducing chromosomal abnormalities 
In both the varieties. However, the frequency, of meiotic aberrations 
was comparatively more in var.K-75 than the in var..KLB-303. 
4.3 Chiasma frequency 
The effect of chemical mutagens (EMS and SA) on chiasma 
frequency in varieties K-75 and KLB-303 was studied In Mi 
generation (Table-6). The data revealed that there was a decrease 
in the frequency of chiasmata per PMC and per bivalent in Mi plants 
treated with chemical mutagens as compared to the control plants. 
Chiasma frequency per cell and per bivalent was 12.40% and 
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1.76% respectively in control plant of var. K-75 while it was 
13.35% and 1.87% respectively in control plant of var. KLB-303. 
The chlasma frequencies per cell ranged fronn 12.20%-11.30% in 
EMS and 11.85%-10.25% in SA treated pant of var. K-75 while in 
var. KLB-303 it ranged from 12.55%-11.40% in EMS and 
12.15%-10.85% in SA. The frequency of chiasmata per bivalent 
ranged from 1.74%-1.60% in EMS and 1.69%- 1.45% in SA treated 
plant of var. K-75 while it was 1.79%-1.62% in EMS and 1.73%-
1.54% in SA in the var. KLB-303. In general the chiasma 
frequencies decreased at higher concentration of mutagens. The SA 
treatments caused more reduction in chlasma frequency in both the 
varieties. / ^ ' ^ "^-v* 
4.4 Studies on quantitative traits \i^^ ^^ 
In Ml generation, the effect of EMS and SA treatments was 
studied on various quantitative traits viz., days to flowering, days to 
maturity, plant height (cm), number of branches per plant, number 
of pods per plant, number of seeds per pod, 100-seed weight (g), 
total yield per plant (g). 
The statistical analysis was done to find out the mean ( ^ ) , 
standard error (SE), shift in mean, standard deviation (S.D.), 
coefficient of variation (C.V.%) for these quantitative traits in the 
treated populations. Data collected on these quantitative characters 
are summarized in tables 7-14. 
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In the present investigation the mean of all quantitative 
characters exhibited a shift in both positive and negative directions. 
However, the lower concentrations of both the mutagens were most 
effective in inducing the positive shift in mean values for all the 
quantitative characters except for days to flowering and days to 
maturity (where the reverse was true). 
4.4.1Days to flowering and maturity 
Days taken to flowering and maturity increased as compared 
to the control in almost all the treatments, whereas, a negative shift 
in mean values was also observed in some of the concentrations. 
The pooled mean values for days to flowering and days to maturity 
showed slight delaying effect in both the mutagenic treatments as 
compared to control in both the varieties (i.e. K-75 and KLB-303). 
4.4.2Plant height 
Plant height was found to be significantly reduced at higher 
concentration of mutagen. However, some plants at lower doses 
responded positively to the mutagen and recorded slight increase in 
plant height (Table-9). The pooled mean values for plant height 
showed decrease in both the mutagenic treatments as compared to 
control population. 
4.4.3 Number of branches 
The number of branches per plant generally increased over 
their control values, except at some concentrations (table 10). The 
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pooled mean values for number of branches per plant showed 
decrease in both the mutagenic treatments in both the varieties. 
4.4.4 Seeds per pod 
The number of seeds per pod remains unaffected at lower 
concentrations but decreased at higher concentration. The pooled 
mean values for number of seeds per pod showed decrease in both 
the mutagenic treatments in both the varieties. 
4.4.5 Number of pods per plant 
The number of pods per plant increased in almost all the 
treatments with few exceptions, where it showed inhibitory effect. 
Lower or intermediate doses of all the individual treatments were 
most effective in increasing the pods/plant in both the varieties. 
The pooled mean values for number of pods per plant showed 
increase in case of EMS treatments and decrease in SA treatment in 
both the varieties. 
4.4.6 100-seed weight (g) and total plant yield (g) 
The 100-seed weight and total plant yield increased In almost 
all the treatments except a few, where inhibitory effect was 
recorded. Lower or intermediate doses of all the individual 
treatments were most effective in increasing the 100-seed weight 
and total plant yield in both the varieties. 
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The pooled mean values for lOO-seed weight and total plant 
yield showed slight increase in case of EMS treatments and 
decrease in SA treatment in both the varieties. 
» 
The polygenic variability measured in terms of coefficient of 
variation (C.V.%) increased in all the mutagenic treatments in 
comparison to control in both the varieties. The maximum 
coefficient of variability was recorded for number of seeds per pod; 
number of branches per plant and yield per plant in both varieties. 
The lower values of coefficient of variations were recorded for the 
days to flowering and days to maturity. 
A perusal of results of various quantitative traits revealed that 
each trait was affected individually by the mutagen and the 
differential varietal response to different mutagens was also 
observed. In general, the lower concentrations of both mutagens 
were most effective in inducing the positive shift in the mean 
values, while the higher concentration of mutagens showed 
reduction in the mean values in both the varieties but this condition 
was just opposite for days to flowering and days to maturity. The 
pooled mean values showed that the EMS treatments resulted more 
positive shift than SA treatments as compared to control in both the 
varieties. 
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4.5 Variants selected in Mi generations: 
In Ml generation the controls as well as treated populations 
were screened carefully and various types of morphological 
variations were identified to understand the response of the two 
varieties of lentil against two mutagens. Some viable, 
phenotypically detectable morphological variants with altered 
characters i.e., plant height (tall and dwarf), growth habit (bushy), 
leaf colour (chlorophyll variants) and plant showing variation in 
yield were isolated in Mi generation of lentil. The representative 
photographs of these morphological variants are given in Plate VII-
XIV (Figs.64-92). 
The extended variability among these variants was assessed 
in terms of variation frequency based on the percent of total 
surviving population in Mi generation. A detailed analysis of 
frequency of each morphological variant induced by EMS and SA in 
the var. K-75 and var. KLB-303 is presented in Table-15, whereas 
the frequency of total morphological variants induced by both 
mutagens in two varieties of lentil is given in Table-16. The 
frequency of morphological variants in two varieties indicated that 
both the varieties of lentil responded differently to the mutagenic 
treatments however, var. KLB-303 showed more morphological 
variants than the var. K-75. 
59 
Experimental Results 
4 .5 .1 Tall variants 
These variants were isolated from the populations treated 
with EMS and SA in both the varieties (plates VIII&IX figs.69, 72 & 
73). Out of the total morphological variants, the total frequency of 
tall variants was 1.33% and 1.25% in var. K-75 and in KLB-303 
respectively. Tall variants were found in both varieties at both 
mutagenic treatments except SA in var. K-75 (TabIe-15). 
4.5.2 Dwarf variants 
These variants were noticed only in SA treatment. The 
frequency of these variants was 0.71% in var. K-75 and 0.65% in 
var.KLB-303 (plate IX fig.74). 
4.5.3 Bushy variants 
These variants were highly vigorous in growth having more 
number of branches with shorter internodes and compact 
arrangement of leaves as compared to their respective controls in 
both the varieties (Plate VIII Fig.70). The frequencies of these 
variants were 0.66% and 0.60% in var.K-75 and var.KLB-303 
respectively. 
4.5.4 Long and weak with prostate habit variants 
This variant showed increased plant height. Their stem was 
weak and prostrate with long internodes. This variant was noticed 
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only in EMS treatment in van. KLB-303 and the frequency was 
0.60% (plate XII ,flg.82). 
4.5.5 High yielding variants 
These variants showed increase in the total yield per plant 
(g). These variants were mostly tall looking and bushy having 
increased number of branches, and increased number of pods per 
plant as compared to their respective controls in both varieties 
(Plates X&XI, Figs.76,79&80). The frequency of these variants was 
1.37% and 3.11% in var. K-75 and var. KLB-303 respectively. 
4.5.6 Cliloropliyll variants 
These variants were of albina, xantha and chlorina types. In 
case of albino variant (Plate XIII fig 82) the seedlings were white in 
colour, relatively smaller than the normal looking seedlings, 
survived for 8-10 days only. In case of chlorina type of chlorophyll 
variants the seedlings were light green or yellowish green in color 
and survived for 25-30 days only, (plate XIV fig 90). Xantha 
seedlings were yellow in color and died at the two to three leaf 
stages (plate XIII figs. 87,88,92). 
These variants were isolated from the SA in var. K-75 while in 
case of var. KLB-303 it was isolated from both the EMS and SA 
treatments. The frequencies of these variants were 0.71% and 
1.25% in var. K-75 and var. KLB-303 respectively. 
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4.5.7 Seed coat colour variant 
This type of variant was characterized by black seed coat 
colour. This variant was noticed only in 0.02% SA treatment in var. 
KLB-303 and the frequency was 0.65% (plate XII, fig. 84). 
4.5 .8 Leaf variant 
These variants showed broad and narrow types of leaves 
(plate-VII, fig 64- 67) and were seen in EMS and SA treatments in 
var. K-75 only the total frequency of these variants was 2.08%. 
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Table-6. Effect of EMS and SA on chiasnnata frequency in Lens culinaris 
Med. var. K-75 and var. KLB-303 in Mi generation. 
Treatment 
Control 
EMS 
0.05% 
0.10% 
•0.15% 
0.20% 
0.25% 
Pooled mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled mean 
K-75 
Frequency of chlasmata 
Per PMC 
12.40 
12.20 
12.10 
12.05 
11.60 
11.30 
11.85 
11.85 
11.65 
11.10 
10.55 
10.25 
11.08 
Per 
bivalent 
1.76 
1.74 
1.72 
1.71 
1.65 
1.60 
1.68 
1.69 
1.66 
1.58 
1.50 
1.45 
1.57 
KLB-303 
Frequency of chiasmata 
Per PMC 
13.35 
12.55 
12.50 
12.25 
11.80 
11.40 
12.10 
12.15 
11.60 
11.50 
11.35 
10.85 
11.49 
Per 
bivalent 
1.87 
1.79 
1.78 
1.75 
1.68 
1.62 
1.72 
1.73 
165 
1.63 
1.61 
1.54 
1.63 
Table-7. Effect of EMS and SA on days to flowering in Mi generation 
of Lens culinaris Med. 
V a r i e t i e s 
rs 
cn 
o 
1 
CO 
T r e a t m e n t 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
;r±s.E. 
7 9 . 0 6 ± 0 . 1 5 
78.60±0.21 
77.26±0.30 
79.60±0.25 
81.13±0.37 
81.73±0.51 
7 9 . 6 6 ± 0 . 3 2 
77.26±0.30 
78.93±0.25 
76.06±0.29 
82.20±0.22 
83.06±0.23 
7 9 . 5 0 ± 0 . 2 5 
8 0 . 0 0 ± 0 . 1 6 
76.86±0.47 
79.93±0.70 
81.13±0.73 
82.20±0.88 
84.33±0.89 
9 6 . 7 1 ± 0 . 7 3 
79.93±0.55 
78.53±0,44 
81.93±0.62 
83.46±0.99 
81.55±0.69 
8 1 . 0 8 ± 0 . 6 5 
S h i f t in 
X 
-
-0.46 
-1.80 
+0.54 
+2.07 
+2.57 
-1.8 
-0.13 
-3.00 
+3.14 
+4.00 
-
-3.14 
-0.07 
+ 1.13 
+2.20 
+4.33 
-0.07 
-1.47 
+ 1.93 
+3.46 
+ 1.55 
S.D. 
0.59 
0.82 
1.16 
0.98 
1.40 
1.94 
1.26 
1.16 
0.96 
1.09 
0.86 
0.88 
0.99 
0.65 
1.84 
2.71 
2.74 
3.32 
3.35 
2.79 
2.15 
1.72 
2.34 
3.73 
2.65 
2.51 
C.V.(o/o) 
0.72 
1.05 
1.50 
1.23 
1.73 
2.37 
1.57 
1.50 
1.21 
1.44 
1.04 
1.06 
1.25 
0.81 
2.40 
3.39 
3.38 
4.04 
3.43 
3.49 
2.69 
2.19 
2.85 
4.47 
3.23 
3.08 
Table-8. Effect of EMS and SA on days to maturity in Mi generation of 
Lens culinaris Med. 
Varieties 
IS 
1 
o 
1 
CD 
Treatment 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
X±S.E. 
138 .13±0 .16 
138.60±0.31 
137.80db0.35 
138.80±0.22 
139.60±0.28 
139,86±0.35 
138 .93±0 .30 
137.00±0.25 
138.20±0.49 
136.93±0.48 
141.13±0.51 
142.46±0.51 
1 3 9 . 1 6 ± 0 . 4 4 
1 3 8 . 5 3 ± 0 . 1 6 
138.86±0.47 
139.86±0.63 
137.00±0.44 
141.06±0.65 
144.66±0.59 
140 .24±0 .55 
138.00±0.60 
137.80±0.53 
140.86±0.45 
141.26±0.43 
143.93±0.71 
1 4 0 . 3 7 ± 0 . 5 4 
Shift in 
X 
-
+0.47 
-0.33 
+0.67 
+ 1.47 
+ 1.73 
-1.01 
+0.07 
-1.20 
+3.00 
+4.33 
-
+0.33 
+ 1.13 
-1.53 
+2.53 
+5.13 
-0.53 
+0.27 
+2.33 
+2.73 
+5.40 
S.D. 
0.63 
1.78 
1.37 
0.86 
1.05 
1.35 
1.28 
1.00 
1.85 
1.83 
1.94 
1.92-
1.70 
0.63 
1.76 
2.38 
1.76 
2.46 
2.28 
2.11 
2.26 
2.00 
1.68 
1.62 
2.76 
2.06 
C.V.(%) 
0.46 
0.85 
0.99 
0.62 
0,75 
0.96 
0.83 
0.72 
1.34 
1.33 
1.37 
1.34 
1.22 
0.46 
1.27 
1.70 
1.27 
1.74 
1.58 
1.51 
1.64 
1.45 
1.19 
1.14 
1.92 
1.46 
Table-9. Effect of EMS and SA on plant height in Mi generation of 
Lens culinan's Med. 
Varieties 
m 
IS 
1 
n 
o 
1 
CO 
- J 
Treatment 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
X±S.E. 
4 8 . 5 1 ± 0 . 1 8 
48.35±0.58 
53.00±0.87 
44.46±0.63 
39.66±0.90 
36.06±0.87 
4 4 . 3 0 ± 0 . 7 7 
50.36±0.52 
50.33±0.63 
44.84±0.91 
40.49±0,58 
37.80±0.86 
4 4 . 7 6 ± 0 . 6 8 
4 9 . 8 1 ± 0 . 2 5 
50.13±1.01 
49.86±0.38 
49.60±0.65 
39.13±0.88 
37.46±0.72 
4 5 . 2 3 ± 0 . 7 2 
49.90±0.29 
49.80±0.47 
49.46±0.86 
40.38±0.96 
36.02±0.85 
4 5 . 1 4 ± 0 . 6 8 
Shift in 
X 
-
-0.16 
+4.49 
-4.05 
-8.85 
-12.45 
+ 1.85 
+ 1.82 
-3.67 
-8.02 
-10.71 
-
+0.32 
+ .05 
-0.01 
-10.68 
-12.35 
+0.09 
-0.01 
-0.35 
-9.43 
-13.79 
S.D. 
0.71 
2.26 
3.37 
2.46 
3.73 
3.26 
3 .01 
2.06 
2.43 
1.62 
2.27 
3.33 
2.34 
0.98 
3.79 
1.50 
2.52 
3.31 
2.72 
2.76 
1.15 
1.82 
3.24 
3.73 
3.29 
2.64 
C.V.(<Vb) 
1.47 
4.68 
6.37 
5.53 
8.50 
9.04 
6.82 
4.05 
4.84 
3.62 
5.62 
8.81 
5.38 
1.96 
7.57 
3.01 
5.10 
8.46 
7:26 
6.28 
2.31 
3.65 
6.56 
9.23 
9.14 
6.17 
Table-10. Effect of EMS and SA on branches per plant in Mi generation 
of Lens culinaris Med. 
Varieties 
in 
rs 
1 
o 
1 
CO 
Treatment 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0,25% 
Pooled Mean 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
Pooled 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Mean 
^±S.E. 
2 .93±0 .06 
2.93±0.18 
2.66±0.21 
3.33±0.18 
2.66±0.25 
2.20±0.26 
2 .75±0 .21 
2.66±'0.12 
3.53±0.13 
2.53±0.19 
2.13±0.16 
1.73±0.11 
2 . 5 1 ± 0 . 1 4 
3 . 1 3 ± 0 . 0 9 
3.66±0.30 
3.33±0.18 
3.53±0.13 
2.46±.27 
2.00±0.21 
2 .99±0 .21 
2.80±0.10 
2.86±0.09 
2.26±0.11 
2.66±0.12 
2.13±0.16 
2 .54±0 .11 
Shift in 
'x 
-
0.00 
-0.71 
+0.40 
-0.71 
-0.73 
-0.71 
+0.60 
-0.40 
-0.80 
-1.20 
-
+0.53 
+0.20 
+0.40 
-0.57 
-1.13 
-0.33 
-0.27 
-0.87 
-0.47 
-1.00 
_ 
S.D. 
0.25 
0.70 
0.81 
0.72 
0.97 
1.01 
0.84 
0.48 
0.51 
0.74 
0.63 
0.45 
0.56 
0.35 
1.17 
0.61 
0.51 
1.06 
0.84 
0.83 
0.41 
0.35 
0.45 
0.48 
0.63 
0.46 
C.V.(o/o) 
8.80 
23.99 
30.61 
21.71 
36.59 
46.09 
31 .79 
18.29 
14.61 
29.33 
29.99 
26.40 
23 .72 
11.22 
32.04 
15.00 
14.61 
42.97 
42.25 
29.37 
14.78 
12.27 
20.19 
18.29 
29.99 
19.10 
Table-11. Effect of EMS and SA on pods per plant in Mi generation of 
Lens culinaris Med. 
Varieties 
m 
rs 
1 
O 
1 
CD 
Treatment 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
Z±S.E. 
8 7 . 8 0 ± 0 . 5 5 
87.86±0.68 
100.33±1.12 
98.06±0.87 
87.86±0.98 
74.60±1.01 
8 9 . 7 4 ± 0 . 9 3 
84.26±0.75 
95.60±0.74 
64.86±0.71 
50.93±0.53 
54.60±0.67 
7 0 . 0 5 ± 0 . 6 8 
9 2 . 1 3 ± 0 . 4 7 
110.53±0.82 
101.60±0.70 
93.93±0.85 
92.20±0.99 
78.33±0.98 
9 5 . 3 1 ± 0 . 8 6 
100.20±0.73 
86.53±0.86 
936.40±1.24 
85.40±0.94 
67.20±1.26 
8 6 . 5 4 ± 0 . 9 9 
Shift in 
X 
-
+0.06 
+ 12.53 
+ 10.26 
+0.06 
-13.20 
-3.54 
+7.80 
-22.94 
-36.87 
-33.20 
-
+ 18.40 
+9.47 
+ 1.80 
+0.07 
-13.80 
8.07 
-5.60 
+ 1.27 
-6.73 
-24.93 
S.D. 
2.14 
2.66 
4.35 
3.36 
3.81 
3.94 
3.62 
2.91 
2.87 
2.74 
2.05 
2.61 
2.63 
1.84 
3.18 
2.74 
3.30 
3.83 
3.80 
3.37 
2.85 
3.38 
4.80 
3.66 
4.89 
3.90 
C.V.(o/o) 
2.44 
3.03 
4.33 
2.66 
4.34 
5.28 
3.92 
3.45 
3.00 
4.23 
4.02 
4.78 
3.49 
2.00 
2.87 
2.70 
3.51 
4.16 
4.88 
3.62 
2.85 
3.87 
5.14 
4.23 
7.27 
4.67 
Table-12. Effect of EMS and SA on seeds per pod in Mi generation of 
Lens culinan's Med. 
Varieties 
in 
N 
1 
o 
1 
CO 
Treatment 
Control 
EMS 
0.05% 
0.10°/o 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
^ ± S . E . 
1.80±0.10 
1.80±0.10 
1.80±0.10 
1.73±0.11 
1.73±0.11 
1.66±0.12 
1.74±0.10 
1.73±0.11 
1.73±0.11 
1.73±0.11 
1.66±0.12 
1.60±0.13 
1.69±0.11 
1.86±0.09 
1.80±0.10 
1.86±0.09 
1.86±0.09 
1.80±0.10 
1.73±0.11 
1.81±0.09 
1.80±0.10 
1.73±0.11 
1.80±0.10 
1.66±0.12 
1.60±0.13 
1.71±0.11 
Shift in 
-
0.00 
0.00 
-0.07 
-0.07 
-0.14 
-0.07 
-0.07 
-0.07 
-0.14 
-0.20 
-
-0.06 
0.00 
0.00 
-0.06 
-0.13 
-0.06 
-0.07 
-0.06 
-0.20 
-0.26 
S.D. 
0.41 
0.41 
0.41 
0.45 
045 
0.48 
0.44 
0.45 
0.45 
0.45 
0.48 
0.50 
0.46 
0.35 
0.41 
0.35 
0.35 
0.41 
0.45 
0.39 
0.41 
0.45 
0.41 
0.48 
0.50 
0.45 
C.V.(o/o) 
23.00 
23.00 
23.00 
26.40 
26.40 
29.27 
25.61 
26.40 
26.40 
26.40 
29.28 
31.69 
28.03 
18.84 
23.00 
18.84 
18.84 
23.00 
26.40 
22.01 
23.00 
26.40 
23.00 
29.27 
31.69 
26.67 
Table-13. Effect of EMS and SA on 100-seed weight in l^i generation of 
Lens culinaris Med. 
Varieties 
in 
N 
1 
o 
M 
1 
CO 
- J 
Treatment 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
X±S.E. 
2 .99±0 .01 
3.04±0. 05 
3.30±0.25 
2.99±0.04 
2.87±0.03 
2.88±0.06 
3 . 0 1 ± 0 . 0 8 
2.99±0.03 
2.88±0.06 
2.89±0.03 
2,89±0.02 
2.78±0.04 
2 .86±0 .03 
2 .73±0 .01 
2.78±0.03 
2.75±0.02 
2.81±0.03 
2.77±0.03 
2.63±0.03 
2 .74±0 .02 
2.73±0.01 
2.70±0.05 
2.80±0.03 
2.66±0.01 
2.65±0.04 
2 .70±0 .02 
Shift in 
X 
-
+0.05 
+0.31 
0.00 
-0.12 
-0.11 
0.00 
-0.11 
0.10 
-0.10 
-0.21 
-
+0.05 
+0.02 
+0.08 
+0.04 
-0.05 
0.00 
-0.03 
+0.07 
-0.07 
-0.09 
S.D. 
0.06 
0.20 
0.30 
0.17 
0.11 
0.24 
0.20 
0.14 
0.24 
0.12 
0.11 
0.16 
0.15 
0.05 
0.13 
0.10 
0.12 
0.15 
0.14 
0.12 
0.06 
0.19 
0.12 
0.06 
0.15 
0.11 
C.V.(o/o) 
2.25 
6.69 
9.13 
5.85 
4.08 
8.52 
6.85 
4.74 
8.52 
4.41 
3.91 
5.93 
5.50 
1.86 
4.96 
3.73 
3.27 
5.48 
5.35 
4.55 
2,34 
7.29 
4.52 
2.61 
5.96 
4.54 
Table-14 Effect of EMS and SA on yield per plant in Mi generation of 
Lens culinaris Med. 
Varieties 
IS 
1 
O 
1 
CD 
- J 
Treatment 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
Control 
EMS 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
SA 
0.05% 
0.10% 
0.15% 
0.20% 
0.25% 
Pooled Mean 
^ ± S . E . 
4.15±0.09 
4.92±0.17 
5.26±0.I7 
4.89±0.21 
4.17±0.17 
3.20±0.82 
4.48±0.30 
5.84±0.17 
4.27±0.17 
3.92±0.23 
2.78±0.22 
2.22±0.12 
3.80±0.18 
3.94±0.10 
6.04±0.20 
4.34±0.13 
5.03±0.16 
3.40±0.27 
2.24±0.12 
4.21±0.17 
3.71±0.15 
4.15±0.13 
3.79±0.13 
2.78±0.17 
1.95±0.11 
3.27±0.13 
Shift in 
X 
-
+0.11 
+0.45 
+0.08 
-0.64 
-1.61 
+1.03 
-0.51 
-0.89 
-2.03 
-2.59 
-
+2.10 
+0.40 
+1.09 
-0.54 
-1.70 
-0.23 
+0.21 
-0.15 
-1.16 
-1.99 
S.D. 
0.38 
0.66 
0.65 
0.85 
0.66 
0.44 
0.65 
0.69 
0.68 
0.90 
0.85 
0.48 
0.72 
0.40 
0.80 
0.53 
0.62 
1.08 
0.50 
0.70 
0.59 
0.51 
0.53 
0.66 
0.43 
0.54 
C.V.(o/o) 
9.19 
13.45 
12.51 
17.37 
15.85 
14.01 
14.63 
11.85 
16.06 
23.16 
30.69 
21.93 
20.73 
10.31 
13.39 
12.35 
12.32 
31.77 
22.38 
18.44 
15.90 
12.33 
14.01 
23.84 
22.44 
17.70 
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Figs 1-63. Meiosis in control as well as treated populations of 
Lens culinaris Med. var.K-75 and KLB-303. 
Plate I 
Fig. 1. PMC showing 7 bivalents at Dial<inesis (control). 
Fig. 2. PMC showing 7 bivalents at Metaphase-I (control). 
Fig. 3. PMC showing Anaphase-I (control) 
Fig. 4. PMC showing Telophase-I (control) 
Fig. S. PMC showing Metaphase-II (control) 
Fig. 6. PMC showing Anaphase-II (control) 
Fig. 7. PMC showing Telophase-II (control) 
Fig. 8. PMC showing 6 bivalents and 2 univalents at Metaphase-I 
Fig. 9. PMC showing 6 bivalents 2 univalents at Metaphase-I 
Fig. 10. PMC showing 5 bivalents and 1 tetravalent at metaphase-I 
Fig. H . PMC showing 3 bivalents and 2 tetravalent at metaphase-I 
Fig. 12. PMC showing 5 bivalents and 1 tetravalent at metaphase-I 
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Plate II 
Fig. 13. PMC showing stickiness of chromosomes at metaphase-I 
Fig. 14. PMC showing stickiness of chromosomes at metaphase-II 
Fig. 15. PMC showing precocious separation of bivalents at metaphase-I 
Fig. 16. PMC showing precocious separation of bivalent at metaphase-I 
Fig. 17. PMC showing multivalents and one stray bivalent at metaphase-I 
Fig. 18. PMC showing non-orientation of bivalents at metaphase-I 
Fig. 19. PMC showing laggards at anaphase-I 
Fig. 20. PMC showing laggards at anaphase-I 
Fig. 21. PMC showing laggards at late anaphase-II 
Fig. 22. PMC showing chromatin bridge at anaphase-I 
Fig. 23. PMC showing multiple chromatin bridges at anaphase-I 
Fig. 24. PMC showing bridge at anaphase-II 
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Plate III 
Fig. 25. PMC showing non-synchronization 
Fig. 26. PMC showing disturbed anaphase-II 
Fig. 27. PMC showing chromosomes in three groups at anaphase-II 
Fig. 28. PMC showing disturbed polarity at teiophase-II 
Fig. 29. PMC showing disturbed polarity at telophase-II 
Fig. 30. PMC showing micronuclei at telophase-I 
Fig. 31. PMC showing micronuclei at telophase-II 
Fig. 32. Connection through tube between two cells 
Fig. 33. Cytomixis between two pollen mother cells 
Fig. 34. Cytomixis between two pollen mother ceils 
Fig. 35. Cytomixis between three pollen mother cells 
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Plate-IV 
Fig. 36. PMC showing 7 bivalents at Diakinesis (control) 
Fig. 37. PMC showing 7 bivalents at Metaphase-I (control) 
Fig. 38. PMC showing Anaphase-I (control) 
Fig. 39. PMC showing Telophase-I (control) 
Fig. 40. PMC showing Anaphase-II (control) 
Fig. 41 . PMC showing Telophase-II (control) 
Fig. 42. PMC showing 6 bivalents and 2 univalents at Metaphase-I 
Fig. 43. PMC showing 6 bivalents and 2 univalents at Metaphase-I 
Fig. 44. PMC showing (1 I+3I I+1I I I+1IV) at metaphase-I 
Fig. 45. PMC showing 4 bivalents and 2 trivalents at metaphase-I 
Fig. 46. PMC showing 3 bivalents and 2 tetravalents at metaphase-I 
Fig. 47. PMC showing clumping of chromosomes in two groups at metaphase-I 
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Plate-V 
Fig. 48. PMC showing precocious separation of cJiromosomes at metaphase-I 
Fig. 49. PMC showing one stray bivalent at metaphase-I 
Fig. 50. PMC showing non-orientation of bivalents at metaphase-I 
Fig. 51. PMC showing chromatin bridge at anaphase-I 
Fig. 52. PMC showing multiple chromatin bridges at anaphase-I 
Fig. 53. PMC showing double chromatin bridges at anaphase-II 
Fig. 54. PMC showing non-synchronization 
Fig. 55. PMC showing disturbed anaphase-II 
Fig. 56. PMC showing disturbed anaphase-II 
Fig. 57. PMC showing three nuclei and laggards at telophase-II 
Fig. 58. PMC showing chromosomes in three groups at telophase-II 
Fig. 59. PMC showing disturbed polarity at telophase-II 
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Plate-VI 
Fig. 60. PMC showing disturbed polarity at teioplnase-II 
Fig. 61 . PMC slnowing micronuclei at telophase-II 
Fig. 62. Cytomixis between two pollen mother cells 
Fig. 63. Cytomixis between three pollen mother cells 
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Figs 64-92 showing different types of morpliological 
variants induced by EI^S and SA in two varieties of 
lentil (Lens culinaris Med.) 
Plate-VII 
Fig. 64. Lens culinaris Med. var. K-75 (control plant) 
Fig. 65. Broad leaf variant (0.05% EMS) 
Fig. 66. Narrow leaf variant (0.25% SA) 
Fig. 67. Leaves variant showing heterophylly (0.20% SA) 
PLATE-VII 
Plate-VIII 
Fig. 68. Lens culinaris Med. var. KLB-303 (control plant) 
Fig. 69. Tall variant with multiple branches (0.05% EMS) 
Fig. 70. Bushy variant with multiple branches (0.15% 
EMS) 
PLATE-VI11 
Plate-IX 
Fig. 71. Lens culinaris Med. var. K-75 (control plant) 
Fig. 72. Tall variant (0.10% EMS) 
Fig. 73. Tall variant with single branch (0.15% EMS) 
Fig. 74. Dwarf variant (0.25% SA) 
PLATE-IX 
Plate-X 
Fig 75. Lens culinaris Med. var. K-75 (control plant) 
Fig 76. High yielding variant (0.10%EMS) 
Fig 77. Close view 
PLATE-X 
Plate-XI 
Fig. 78. Lens culinaris Med. van. KLB-303 (control plant) 
Fig. 79. High yielding variant (0.05% SA) 
Fig. 80. High yielding variant (0.10% EMS) 
PLATE-XI 
Plate-XII 
Fig. 81. Lens culinaris Med. var. KLB-303 (control plant) 
Fig. 82. prostrate variant (0.15%EMS) 
Fig. 83. Seeds of control plant 
Fig. 84. Seeds of variant showing black seed coat colour 
(0.20%EMS) 
PLATE-XII 
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Plate-XIII 
Fig. 85. Lens culinaris Med. van. KLB-303 (control plant) 
Fig. 86. chlophyll variant (albina type) 0.25% SA 
Fig. 87. chlophyll variant (xantha type) 0.20% EMS 
Fig. 88. chlophyll variant (xantha type) 0.15% SA 
PLATE-XIII 
Plate-XIV 
Fig. 89. Lens culinaris Med. var. K-75 (control plant) 
Fig. 90. chlophyll variant (chlorina type) 0.20% EMS 
Fig. 91. chlophyll variant (chlorina type) 0.10% SA 
Fig. 92. branch chlophyll variant (xantha type) 0.15% 
EMS 
PLATE-XIV 
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CHAPTER - 5 
DISCUSSION 
Mutation breeding is a proven supplement and an effective 
substitute to conventional breeding so as to confer specific 
improvement in a variety without significantly affecting its 
acceptable phenotypes. Ttie potential of induced mutation in plant 
breeding lias been well documented by the release of a number of 
mutant cultivars in the field and other crops. Adoption of new 
techniques, as a dependable method of crop improvement, depends 
very much on the identification of more effective and efficient 
mutagens as well as on the improved methodology adopted to 
increase the spectrum of useful mutations in the oligogenic and 
polygenic traits. 
It is well known that extreme diversity exists between 
biological organisms in their response to mutagens. Response to 
seed treatment with various mutagens provides valuable 
information for mutation breeding as it facilitates the planning of 
the experiments designed to get higher mutation frequency. 
Reports have been published concerning studies on the biological 
effects of radiations and chemical mutagens and the relative 
mutagen sensitivity in lentil (Sinha and Godward 1968; Sharma and 
Kant 1975). However, in the present investigation, more extensive 
results are presented regarding the mutagen sensitivity of different 
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genotypes, the similarities or differences between genotypes with 
regards to chemosqnsitivity, and the relationship between mutagen 
sensitivity and mutability following treatment of two varieties of 
lentil (Lens culinaris Med.) with EMS and SA. 
The variability so generated is considerably large and quite 
helpful in selection procedure. The probable reasons and 
explanations regarding the effects of mutagens have been 
discussed. 
5.1 Biological damage 
In the present investigation the increasing doses of mutagens 
caused a progressive increase in the biological damage measured in 
terms of reduction in germination, plant survival and pollen fertility 
in the Mi generation. The adverse effects of physical and chemical 
mutagens on various biological parameters have been reported by 
many workers (Kumar and Dubey, 1998, Bhat et a/., 2006, Wani et 
al. 2004 and Sharma and Sharma 1986. Most of these workers have 
observed a dose dependent reduction in the above mentioned 
biological parameters. However, the extent of decrease differed 
both among different mutagens as well as between varieties. In 
general, SA treatment was found to be more effective than EMS 
treatments in both the varieties. Based on the extent of damage 
caused, the var.K-75 was found to be more sensitive than the var. 
KLB-303. 
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The test of seed germination is important parameter for the 
estimation of induced effect of mutagens on the metabolism. 
Generally, a gradual decrease In percent germination with 
Increasing treatment duration of mutagens has been observed. 
Reduction in germination in mutagenic treated population has 
been explained due to delay or Inhibition of physiological and 
biological processes necessary for seed germination which include 
enzyme activity (Kurobane et al., 1979), hormonal imbalance 
(Chrispeeds and Varner, 1967) and Inhibition of mitotic process 
(Ananthaswamy eta/. , 1971). 
Plant survival at maturity, in both the varieties, decreased 
over the control and it was dose dependent. Progressive decrease in 
the rate of survival of plants with an Increase in the doses of 
physical and chemical mutagens has been reported by, Sharma and 
Sharma (1986), Vandana and Dubey (1990), Khan et al. (2004) and 
Bhat eta/. (2007). According to Sato and Gaul (1967), Natrajan and 
Shlvshankar (1965) the reduction in seedling survival is attributed 
to cytogenetic damage and physiological disturbances. The greater 
sensitivity at higher mutagenic level has been attributed to various 
factors such as changes in the metabolic activity of the ceils (Sree 
Ramulu, 1970), inhibitory effects of the mutagens (I^aherchandanl, 
1975) and due to disturbance of balance between promoters and 
inhibitors of growth regulators (Krishna, 1984). The mutagens also 
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cause disturbances in genetical and pliysiological activities leading 
to the death of the cells (Bhat et al., 2007). 
Pollen fertility is an index of meiotic behaviour. Greater the 
chromosomal abnormality, greater will be the pollen sterility. In the 
present investigation, pollen fertility decreased with the increasing 
concentrations of both the mutagens. Similar decrease in pollen 
fertility was reported earlier by Reddi (1977), Kumar, and Rai 
(2007) and Bhat eta/ . (2007). 
Varying degree of pollen sterility was induced in all mutagenic 
treatments in the present investigation. The magnitude of sterility 
increased with an increase in concentration of mutagens. Very high 
pollen sterility was recorded at the higher doses of treatments. 
These results are in agreement with many workers who have also 
reported a dose dependent increase in pollen sterility following 
mutagenic treatments (Kumar and Dubey, 1998; Reddy and 
Annadurai, 1992; Bhat et al., 2005a, b). According to Reddy and 
Rao (1982), the pollen sterility was the result of interchanges of 
segments between non-homologous chromosomes and considered 
that the presence of laggards, univalents, micronuclei and stickiness 
were closely associated with pollen sterility. 
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5.2 Cytological aberrations 
The degree of cytological abnormalities, being a dependable 
measure for estimating the effect of mutagen in the immediate 
generation to ascertain the mutagenesity of chemical mutagens on 
different crop plant. In this context cytological investigations appear 
rewarding as they deal with the primary genetic material, the 
chromosome, and more appropriately the DNA which controls the 
phenotypes. In most of the mutation studies, disturbances in 
meiotic behaviour indicate mutational genetic load and provide a 
considerable clue to assess sensitivity of plants for different 
mutagens, and to ascertain the most effective mutagen for a given 
crop to realize maximum results. 
In the present investigation a vast array of meiotic 
aberrations were recorded in the plants raised from the seeds 
treated with different concentrations of EMS and SA. Meiotic 
aberrations increased with an increase in concentration of the 
mutagens in both the varieties. Although, the types of chromosomal 
aberration were more or less common in both the varieties. 
However, the frequency of chromosomal aberrations were 
comparatively more in var. K-75 indicating that it is more sensitive 
to the mutagens. Different types of chromosomal aberrations as 
observed in the present investigation, have also been reported by 
many workers in different plants, viz. Reddy and Annadurai (1992) 
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and Kumar et al. (2003) in lentil; Anis and Sharma (1997) in 
Capsicum annum and Bhat et al. (2005, 2007) in Vicia faba L. 
5.2.1 Univalents 
Tlie occurrence of univalents at metapiiase have been 
reported earlier by Reddy and Annadurai (1992) and Kumar et al. 
(2003) in Lens culinaris; Ganai et al. (2005) in chickpea and Bhat et 
al. (2006a, b) In Vicia faba L Mutagen induced structural changes in 
chromosomes and mutations might be responsible for the failure of 
pairing among homologous chromosomes and hence the presence 
of univalents (Bhat et al. 2005). According to Kumar and Rai (2007) 
univalents may originate from an absence of crossing over at 
pachytene or from desynaptic mutants. Rao and Laxml (1980) 
attributed univalent formation to the partial and complete lack of 
homologous chromosomes pairing. 
5.2.2 Multivalents 
In the present Investigation different types of multivalents 
associations (tri, tetra, penta, hexa, and chain of bivalents) were 
more frequent at higher concentrations of all the mutagens. The 
occurrence of multivalents at metaphase have been reported earlier 
by Reddy and Annadurai (1992) and Kumar et al. (2003) in Lens 
culinaris; Ganai et al. (2005) in chickpea and Bhat et al. (2006a,b) 
in Vicia faba L. Multivalent formation can be attributed to irregular 
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pairing and breakage followed by translocation and inversions (Bhat 
etal., 2005, 2007). 
5.2.3 Stickiness 
Stickiness was the most common abnormality found at 
metaphase I. Bivalents were clumped into one or different groups 
due to stickiness at metaphase I. Stickiness of chromosomes at 
diakinesis and metaphase I effected the normal disjunction of 
chromosomes at anaphase I adversily and has been reported by a 
number of workers such as Kumar and Rai (2007) in maize, Bhat et 
a/. (2005,2006,2007) in Vicia faba; Ganai etal. (2005), Sharma and 
Kumar. (2004) In chickpea, Kumar et al. (2003) in lentil and 
Srivastava and Kapoor (2008) in fenugreek. Stickiness could be due 
to depolymerization of nucleic acid caused by mutagenic treatments 
or due to partial dissociation of nucleo-proteins and alterations in 
their pattern of organization (Evans, 1962). Jayabalan and Rao 
(1987) and Rao and Laxml (1980) suggested stickiness might be 
due to disturbances in cytochemically balanced reactions. However, 
it seems most probable that some kinds of a gene mutations lead to 
incorrect coding of some non-histone proteins involved in 
chromosome organization and these proteins lead to chromosome 
clumping. It may also be possible that the mutagen itself reacts 
with the histone proteins and brings about a change in the surface 
property of chromosomes due to improper folding of DNA, thereby 
69 
DISCUSSION 
causing them to clump or stick (Gaulden, 1987). Patil and Bliat 
(1992) suggested that sticl<iness is a type of physical adhesion 
involving mainly the proteinacious matrix of chromatin material. 
Bivalents were found in different groups or clumped in to a single 
group due to stickiness. 
5.2.4 Precocious separation 
Precocious movement of chromosomes at metaphase I was 
also a dominant abnormality in all the mutagenic treatments. 
Precocious separation was observed by several workers in different 
plants Kumar et al. (2003) In lentil ,Sharma and Kumar (2004) and 
Ganai et al. (2005) in chickpea, Bhat et al. (2005b,2006b) in Vicia 
faba and Srivastava and Kapoor (2008) in fenugreek. Occurrence of 
univalents at diakinesis and precocious separation at metaphase-I 
might be explained on the basis of lack of chiasmata formation and 
their early terminalization. Earlier reports have confirmed that there 
was a decline in the chiasma frequency following mutagenic 
treatments (Dixit & Dubey, 1986). At metaphase-I, some of the 
univalents disjuncted early and presumably this happened due to 
genie differences. Such chromosomal divergences in the form of 
precocious movements have pointed towards structural 
differentiation of homologous pair (Anis and Wani, 1997). The 
observed precocious chromosome migration to the poles may be 
resulted from univalents chromosomes at the end of the prophase-I 
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or precocious chiasma terminalization at diakinesis or metaphase-I 
and are possibly due to tfie effect of chemicals in breaking the 
protein moiety of the nucleoprotein backbone (Kumar and Rai 
2007). 
5.2.5 Stray bivalents 
Stray bivalents at metaphase-I have also been reported by 
Bhat et al., (2007) and Gulfishan et al., (2009). Stray bivalents at 
metaphase I seem to be caused by spindle dysfunction and 
clumping of chromosomes (Bhat eta/. , 2007). 
5.2.6 Non-orientation 
Non-orientation of bivalents at metaphase-I have also been 
reported by Kumar et al (2003) and Reddi et al. (1992) in lentil 
,Sharma and Kumar (2004) and Ganai et al. (2005) in chickpea, 
Wani and Anis (1997) in fenugreek. The non-oriented bivalents and 
unattached chromosomes might have resulted from the failure of 
spindle mechanism and in turn these discrepancies may account for 
unequal distribution of chromosomes at anaphase-I (Dixit and 
Dubey, 1986). According to Kumar and Rai (2007) non-orientation 
and scattering of chromosomes may be due to either the inhibition 
of spindle formation or the destruction of spindle fibers formed. 
Non-orientation of chromosomes at metaphase-I sometimes lead to 
unequal separation at anaphase-I (Khan, 1996). 
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5.2.7 Laggards 
Laggards at anaphase have also been observed by Kumar et 
al. (2003) in lentil, Kumar and Rai (2007) in maize, Sharma and 
Kumar (2004) in chickpea, Anis and Sharma (1997), Srivastava and 
Kapoor (2008) In fenugreek and Bhat et al. (2005) in Vicia faba. 
Presence of laggards may be attributed to the inability of 
multivalents to separate properly (Ganai et al., 2005). Laggards 
may be explained on the basis of abnormal spindle formation and 
chromosomal breakage. According to Tarar and Dayansagar (1980), 
unsynchronized bivalents or laggards might be due to the 
discrepancies in spindle formation. Laggard at anaphase can be 
attributed to the delayed terminalization or perhaps to stickiness of 
chromosomal ends (Minija et al., 1999). According to Bhattacharjee 
(1953), acentric fragments or laggards may result in the formation 
of micronuclei at telophase I I and ultimately variation in number 
and size of pollen grains resulting from a mother cell. 
5.2.8 Bridges 
In the present investigation bridges with or without fragments 
at anaphase stages were frequently observed. Bridges with or 
without fragment were also reported by Kumar et al. (2003) in 
lentil, Kumar and Rao (2007) in maize. Sharma and Kumar (2004) 
In chickpea, Anis and Sharma (1997) in Capsicum annuum. 
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Srivastava and Kapoor (2008) in fenugreek and Bhat et al. (2005) 
in Vicia faba , Ganai eta/.(2005) in ciiickpea. 
In 1966 Saylor and Smith suggested tiiat the formation of 
bridges may be due to the failure of terminalization of chiasmata in 
a bivalent and the chromosomes get stretched between the poles. 
The presence of a bridge with or without fragments both at 
anaphase-I and anaphase-II may be due to inversions (Sinha and 
Godward, 1972).' According to Tarar and Dayansagar, (1980) the 
presence of chromatin bridges without fragments may be due to 
restitution or the fragments getting entangled or attached with 
normal chromatids of chromosomes. 
5.2.9 Unequal separation 
Unequal separation of -chromosomes as observed in the 
present investigation in small frequency. It is earlier reported in 
chickpea (Sharma and Kumar, 2004 and Ganai et al., 2005), in 
fenugreek (Wani and Anis, 1997 and Srivastava and Kapoor,2008). 
Movement of bivalents towards the poles at anaphase-I due to non-
disjunction of homologous chromosomes at metaphase may be due 
to the stickiness of chromosomes and could result in unequal 
distribution of chromosomes in the daughter nuclei (Anis and Wani, 
1997). According to Kumar and Singh (2003) random movement of 
univalents to any one of the poles lead to unequal separation of 
chromosomes. 
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5.2.10 Non-synchronization 
At metaphase-II the non-synchronous movement of 
chromosomes was most common abnormality in both the mutagenic 
treated varieties. Minija et al. (1999) reported that non-
synchronous movement of chromosomes occurred due to severe 
disturbance in spindle mechanism. 
5.2.11 Cytomixis 
Cytomixis generally refers to the migration of chromatin from 
one cell to the other through cytoplasmic connections. In the 
present investigation cytomixis was observed most frequently at 
metaphase, anaphase and telophase. Cytomixis has been reported 
earlier in lentil (Kumar et al. 2003), chickpea (Ganai et al., 2005), 
VIcia faba (Bhat et al., 2006b), Lathyrus sativus (Kumar and 
tripathi, 2009). 
The transmigration of chromatin material with or without 
cytoplasmic connections might have resulted in altered number of 
chromosomes. If more than two PI^ Cs are simultaneously involved 
together the chromatin material passed from one to the second and 
from second to the third cell and so on. Unidirectional flow of 
chromatin material from one PMC in to another in a series during 
this phenomenon has been regarded as an essential characteristic 
feature of the phenomenon reported by Gottschalk (1970). The 
occurrence of cytomixis may be due to the influence of genes (Kaul 
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and Nirmala, 1991), and changes in biochemical processes (Kaul, 
1990) and abnormal genetic behavior due to chemical mutagenic 
treatment (Bhat et aL, 2006b). The cytomixis is considered to be a 
source of production of aneuploid and polyploid gametes (Yen eta/., 
1993; Bhat eta/ . , 2006b). 
5.2.12 Micronuciei 
The formation of micronuciei as observed in present study at 
Telophase-I and I I might have resulted due to lagging 
chromosomes at Anaphase-I & I I , Such observations have also been 
made by Reddy et a/. (1992) in lentil, Ganai et a/. (2005) in 
chickpea, Kumar and Tripathi (2009) in Lathyrus sativus. 
Generally, laggards and non-oriented bivalents may produce 
micronuciei at telophase if they fail to reach the poles in time to be 
included In the main nucleus or irregular chromosome segregation 
at meiosis I and I I could be the result of the non-oriented bivalents 
formed due to spindle dysfunctioning or may be due to the 
formation of univalents at dlakinesis or metaphase-I, which shows 
an inability to congregate on the equatorial plate resulting in the 
formation of micronuciei and abnormal pollen grains (Koduru, 
1981). Bhattacharjee (1953) suggested that irregular distribution of 
acentric fragments or laggards may also result in the formation of 
micronuciei at telophase I I , resulting in variation in size of pollen 
grains from pollen mother cells. Micronuciei are true mutagenic 
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aspects, which may lead to a loss of genetic material and have been 
regarded as an indication of the mutagenecity of their inducers 
(Ruan etal., 1992). 
5.2.13 Disturbed polarity 
Disturbed polarity at anaphase and telophase stages could be 
due to spindle disturbance. Disturbed polarity was also reported by 
Ganai et al. (2005) in chickpea, Bhat et al. (2006a, b) in Vicia faba 
L, Kumar and Rai (2007) in maize, Wani and Anis (1997) in 
Capsicum annuum and Srivastava and Kapoor (2008) in fenugreek. 
5.3 Chiasma frequency 
Chiasma frequency was variable in the populations treated 
with different mutagens. However, the reduction in chiasma 
frequency was dose dependent in different mutagenic treatments. 
Reduction of chiasmata may result due the presence of desynapsis 
which lack chiasmata formation (Eherenberg 1949). 
Anis and Wani (1997) reported that chemical treatment 
induced univalent formation through cryptic structural changes in 
some of the chromosomes, which restricted pairing and in this way 
reduced chiasma frequency. 
The reduction in chiasma frequency may be attributed to the 
nature and potency of mutagens and due to the underlying factors 
such as complex structural changes or to the nature of the genes 
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responsible for chiasma formation. I^ any factors such as 
temperature, season, age, and amount and portion of 
heterochromatin in the chromosomes affect recombination and 
therefore, changes in chiasma frequency (Gulfishan eta/., 2010). 
In the present study the frequency of aberrations was greater 
in SA treatments than the EMS treatment. It is concluded that SA is 
able to induce sufficient amount of meiotic aberrations. Among 
different stages of meiosis, the frequency of meiotic aberrations was 
maximum at metaphase stage as compared to anaphase and 
telophase stages in the present study. Similar observations were 
reported by Bhat etaJ. (2006a, b) in Vicia faba L. 
5.4 Quantitative traits 
Induced polygenic variability Is expected to play an important 
role In Increasing the genetic variability. In this connection mutation 
breeding offers a great scope and promise to generate additional 
variability for yield and other economically important traits in lentil. 
It has already been reported by several workers in various crops, 
especially In self pollinated crops (Sharma, 1986). In the recent 
years the role of mutation breeding in increasing the variability for 
quantitative characters has been proved beyond doubt (Mehetre et 
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The mutagenic effect of different concentrations of EI^ S and 
SA was studied on days to flowering, days to maturity, plant height 
(cm), number of branch per plant, number of pods per plant, 
number of seeds per pod, 100-seed weight (g) and total yield per 
plant (g). Assessment of mean, range and coefficient of variation 
(C.V. %) in control and treated population indicated that mutagenic 
treatments had induced wider magnitude of variability In l^i 
generation for all the quantitative characters. 
The mutagenic effect of different concentrations of all the 
mutagens used in the experiment was clearly seen leading to both 
increase and decrease in the mean values of various quantitative 
traits. The positive shift of mean values was more pronounced at 
the lower doses of treatments, whereas, negative shift was 
observed at higher doses except for mean values of days to 
flowering and days to maturity where reverse was true. 
The pooled mean values for different quantitative traits 
remained mostly unchanged or caused very little change because of 
shift in both the directions despite significant increase in variance 
indicated that the mean values of these quantitative traits at 
different concentrations were not by and large altered at greater 
extent in both the varieties. Shift in mean values in both positive 
and negative directions after mutagenic treatments has been 
reported by earlier workers also (Mehetre et a/., 1990; Waghmare 
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and Mehra, 2000; Singh et al., 2000b). Reduction in tlie mean 
values of above quantitative traits and also delayed flowering and 
maturity times were common features of mutagenic treatments 
found at liigher doses. Similar results have also been reported 
earlier by various workers (Anis et al., 1999; Anis and Wani, 1997; 
Kumar and Dubey, 1994). 
In the present investigation the mean days to flowering and 
days to maturity had decreased at the lower concentrations and 
increased significantly at the higher concentrations of the 
mutagens. Reduction in flowering and maturity time after 
mutagenic treatments has also been reported in urd bean (Singh et 
al., 2000b). 
Plant height was also found to be significantly reduced at 
higher doses of mutagenic treatment but some of the plants at 
lower doses responded positively to the mutagen and recorded a 
slight increase in plant height. Reduction in the plant height may be 
due to the chromosomal damage and/or inhibition of cell division 
(Sparrow et al., 1961) whereas, Tarar and Dnyansagar (1980) 
demonstrated that growth depression might be due to inhibition of 
auxin synthesis. Therefore, reduction in plant height might have 
occurred due to inhibitory effect of mutagens on growth regulating 
substances responsible for cell division and cell elongation. 
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According to Kumar and Rai (2007) increase in plant Ineigint may be 
due to tine mutation in major or minor genes. 
Tfie yield, as such, is a complex manifestation of large 
number of genes involved in physiochemica! processes of the plant 
system. Induced mutations can contribute to the physiological 
efficiency of the plant for grain yield by generation of more 
favourable correlations between various yield components 
(Waghmare & Mehra, 2000). 
In brief, the present findings have revealed that lower and 
moderate concentrations of chemical mutagens proved to be 
efficient in increasing the genetic variability for yield oriented 
selection In lentil and the isolated variants possessed desirable 
characters associated with higher yield, may be evaluated in future 
generations for promising performance. Thus the genetic variability 
induced by mutagenesis may be effectively exploited for the 
improvement of lentil. 
5.5 Morphological variations 
Genetic variability for several desired characters can be 
successfully Induced through mutations and Its practical value in 
plant improvemet programmes has been well established. Seed 
mutagenesis used for enhancing genetic variability of yield 
parameters, induction of chlorophyll mutations, early flowering and 
morphological mutations. The present investigation proved fruitful 
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in inducing a range of morphological variations by mutagenesis, 
although most of them proved uneconomical. Some variations 
recorded In the present study may be used as a source of many 
beneficial genes in cross breeding programmes or for the 
improvement of many components of yield. These variants included 
changes in plant height (tall, dwarf), growth habit (bushy) leaf 
colour (chlorophyll variants), yield parameters (increased number of 
branches and pods per plant). 
Some induced variants in the present study showed desirable 
economic characters from the breeder point of view and hold 
promise for isolation of improved types from their progenies in the 
later generations. The more frequent induction or certain variation 
types by a particular mutagen may be attributed to the fact that the 
genes controlling these characters might be more responsive to 
either alkylating agents or ionizing radiations. This could be due to 
differential mode of action of mutagens on different base sequences 
in various genes (Solanki and Sharma, 1999). The tall, dwarf and 
bushy variants as noticed in the present investigation have also 
been reported by Solanki and Sharma, Gaikward and Kothekar 
(2003) in lentil following mutagenic treatments. 
In the present investigation tall variants were obtained. The 
tallness is fundamentally due to an initial increase in internode 
length, sometimes accompanied by an increase in internodes 
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number (Jana, 1963). The same author opined that increased 
length of the cells and their number per unit area also can 
contribute to tallness. 
In case of dwarfness different worl<ers reported that decrease 
in growth of seedling is caused by destruction of auxins (Smith & 
Kerstein, 1942), interference with synthesis of new DMA (Peic & 
Howard, 1955) and reduction in internodal length (Sushil Kumar et 
al., 1967). 
Long, weak and Prostrate variant observed in the present 
study were also recorded by Gaikward and Kothekar(2003) in lentil. 
Variations in the seed coat colour was also observed in the 
present investigation in both the varieties. The seed coat colour is 
affected by genetic factors like pigmentation (Gaikward and 
Kothekar, 2003). 
High yielding variant were isolated during the course of 
present study. These variants exhibited increase in number of 
branches per plant and increase in number of pods per plant, 
thereby increasing the yield per plant. High yielding variants were 
also recorded in lentil (Gaikwad and Kothekar, 2003). 
In addition to above mentioned variants a small frequency of 
chlorophyll variants was also induced in the present investigation in 
some treatments. Induction of chlorophyll mutations after 
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mutagenic treatments has also been reported earlier in lentil (Paul 
and Singh, 2002), In chicl<pea (khan eta/., 2005). 
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CHAPTER-6 
SUMMARY AND CONCLUSIONS 
Considering tiie importance of lentil as a pulse crop and the 
mutagenecity of EMS and SA, present study has been aimed at 
exploring the possibility of inducing alterations in the genotype of 
lentil (var. K-75 and var. KLB-303) to enhance the variability and 
screen the plants in Mi generation showing cyto-morphological 
variations. 
In particular, following objectives were taken into consideration. 
1. Biological damage in Mi generation. 
2. To calculate the frequency of chromosomal aberrations at 
different stages of meiosis. 
3. To induce variability in morphological traits. 
4. To compare the mutagenic sensitivity of genotypes of two 
varieties viz. K-75 and KLB-303 of lentil. 
In a nutshell, the essential findings are: 
1. The seed germination, plant survival and pollen fertility showed 
decreasing trend with the increase in concentrations of both the 
mutagens in both the varieties. 
SUMMARY AND CONCLUSIONS 
2. There was no chromosomal aberrations in control, while in 
treated populations, aberration were recorded. Chromosomal 
aberration showed dose dependent increase in both varieties 
and with both mutagenic treatments. 
3. In general the frequency of chromosomal aberrations was more 
at metaphase stages followed by anaphase and telophase 
stages. 
4. The chiasma frequency showed more reduction in SA than EMS 
treatments in both varieties. 
5. In the present investigation the mean of all quantitative 
characters exhibited a shift in both positive and negative 
directions. However, the lower concentrations of both the 
mutagens were most effective in inducing the positive shift in 
mean values for all the quantitative characters except for days 
to flowering and days to maturity where the reverse was true. 
6. Days to flowering and days to maturity sh-owed both positive as 
well as negative shift in mean values. The lower and 
Intermediate doses showed earliness for days to flowering and 
days to maturity but higher doses showed delayed flowering 
and maturity. 
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7. Plant height was found to be significantly reduced at higher 
concentration of mutagens as compared to control. However, 
lower^doses of mutagen responded positively. 
8. The number of branches per plant showed both positive as well 
as negative shift in mean. Usually lower and intermediate 
concentrations showed positive shift in mean value while the 
higher concentration showed negative shift in mean. 
9. The seeds per pod remain unaffected to the mutagenic 
treatment except at higher doses which showed negative shift 
in mean values. The pooled mean values for seeds per pod 
showed decrease in both the mutagenic treatments in both the 
varieties. 
10. The pods per plant, 100-seed weight (g) and total plant yield 
(g) increased in almost all the treatments, with some 
exceptions which showed inhibitory effect. The pooled mean 
values for number of pods per plant, 100-seed weight and yield 
per plant showed slight increase in case of EI^S treatments and 
decrease in SA treatment in both the varieties. 
11. Various types of morphological variants with altered characters 
i.e., plant height (tall and dwarf), growth habit (bushy) and 
yield parameters were isolated in Mi generation of both the 
varieties. Moreover, the frequency of morphological variants 
was more in var.KLB-303 than var. K-75 
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12. The polygenic variability measured in terms of coefficient of 
variation (C.V.%) increased in all the mutagenic treatments in 
comparison to control in both the varieties. 
13. With respect to pooled mean values, the EMS treatments 
showed more positive shift than SA treatments as compared to 
control in both the varieties. 
A perusal of results of various quantitative traits revealed that 
each trait was affected individually by the mutagen and the 
differential varietal response to different mutagens was also 
observed. 
It is concluded that the genotype of lentil a pulse crop can be 
improved by using lower and intermediate doses of chemical 
mutagens, as it is quite clear from the result of present 
investigation that lower and intermediate doses showed effective 
shift in the mean values in desired directions. , 
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